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A B S T R A C T

Preterm birth is a major risk factor for cerebral complications, such as hemorrhage or periventricular
leukomalacia, which lead to lifelong neurodevelopmental deficits. Hypoxia/ischemia, inflammation,
hyperoxia, and prematurity itself contribute to the extent of impaired neurodevelopment. Preterm birth
leads to disruption of the placental supply of estrogens and progesterone. Postnatally, the plasma levels
of estrogens and progesterone drop 100-fold. Preterm infants are deprived of the placental supply of
these hormones for up to sixteen weeks. Thus, supplementation of estradiol and progesterone to mimic
intrauterine conditions may potentially improve a premature infant’s extrauterine development and help
protect the brain against neurological complications. However, preliminary clinical studies did not find
improved outcomes except for a trend towards less cerebral palsy. The decrease in estrogen and
progesterone concentrations is accompanied by persistent, high postnatal production of fetal zone
steroids, mainly dehydroepiandrosterone, which serve as precursors for maternal estrogen synthesis
during pregnancy. This commentary will combine knowledge from endocrinology, pharmacology, and
neonatology to explain the discrepancies between promising animal models and clinical findings. Most
important targets will be classical and non-classical estrogen receptors, which interact differently—not
only with estrogens but also with fetal zone steroids. The fetal zone is unique among humans and higher
primates. Therefore, a clearly defined model is required to study the role of sex steroids and their
receptors before further clinical studies begin.

ã 2015 Elsevier Inc. All rights reserved.

1. Human fetal adrenal cortex and feto-placental unit

The fetal adrenal cortex is an active endocrine organ and has a
unique structural and functional organization among humans and
higher primates. The specialized compartment of the fetal adrenal
cortex is known as the fetal zone. Its mass increases in utero up to
term, and declines rapidly after birth. The fetal adrenal cortex
produces steroid hormones, which regulate intrauterine homeo-
stasis and the maturation of the fetal organ system [1,2]. The
concept of the “feto-placental unit” was proposed by Diczfalusy
and coinvestigators, who found that the huge amounts of
androgens produced by the fetal zone are used by the placenta
for estrogen biosynthesis [3]. In human pregnancy, estrogens are
synthesized in several forms: estrone (E1), estradiol (E2), estriol
(E3), and estetrol (E4) (Fig. 1A) [4]. The placenta lacks the
cytochrome P450 enzyme CYP17 (17a-hydroxylase). Therefore, de
novo estrogen synthesis from acetate or cholesterol is not possible
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and the synthesis of estrogens is dependent on androgens from
fetal and maternal adrenal glands [5].

The main steroid produced by the fetal zone is dehydroepian-
drosterone sulfate (DHEAS), which appears around 8–10 weeks of
gestation. Production then increases to 100–200 mg per day until
term [6]. Some of the fetal DHEAS is hydroxylated in the fetal liver
into 16a-hydroxy-dehydroepiandrosterone sulfate (16a-OH-
DHEAS) and both compounds are required to synthesize estrogens
in the placenta (Fig. 1B) [7]. For estrogen synthesis, a sulfatase
removes the sulfate moiety from DHEAS and then 3b- and 17b-
hydroxysteroid dehydrogenase (3b- and 17b-HSD) convert DHEA
to androstenedione (Adione) and testosterone. In the next step, the
two compounds are converted to E1 and E2 by the enzyme
cytochrome P450 aromatase (CYP19) [4,8]. The DHEAS produced
by the fetal and maternal adrenal glands synthesize approximately
equal amounts of E1 and E2 in the placenta during most stages of
gestation [6]. The placenta lacks 16-hydroxylase; therefore, E3 is
synthesized from 16a-OH-DHEAS via conversion to 16a-OH-DHEA
and subsequent aromatization into E3 [3]. Since the supply of 16a-

OH-DHEAS from the maternal side is limited, approximately 90% of
the produced E3 is of fetal origin [2]. The E3 level increases
progressively through pregnancy and exceeds the levels of E1 and
E2 in late gestation [7]. In addition, E4 is produced in the placenta
from 16a-hydroxylated precursors of fetal origin [9]. With the
rapid disappearance of the fetal zone by apoptosis, the secretion of
androgens decreases soon after birth [10].

In addition to estrogen, the placenta synthesizes progesterone
(PROG) in increasing concentrations until term that are dramati-
cally reduced to neonatal serum levels after birth [11]. For
synthesis, cholesterol is converted to pregnenolone by cytochrome
P450scc (CYP11A1) and subsequently further converted to PROG by
3b-HSD [12]. Estrogens and PROG act as opponents by stimulation
of physical and biochemical changes in the uterus and fetal
membranes [13].

Fig. 1. (A) Chemical structures of the different estrogens, dehydroepiandrosterone (DHEA) and some of its metabolites. (B) Simplified pathways for synthesis of the different
estrogens in the feto-placental unit from DHEA with the steroidogenic enzymes.
Abbreviations: 3b-HSD, 3b-hydroxysteroid dehydrogenase; 17b-HSD, 17b-hydroxysteroid dehydrogenase.
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