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This month’s Journal carries an article from Shanghai
on the regulation of glucose transporters (GLUT) in hu-

manplacenta(1).Thestudiesbringapossiblenewplayer into
the ongoing drama of nutritional regulation of fetal growth
and development. The in vitro studies by Gao et al. (1)
examined the effects of CRH on mRNA and protein con-
centrations of GLUT1 and GLUT3. Using a variety of
techniques, including small interfering RNA for the cor-
ticotrophin releasing hormone receptor type 1 (CRH-R1)
receptor, antibodies to the receptor, and receptor block-
ers, the studies convincingly show that CRH stimulates
trophoblast production of GLUT1 and inhibits the ex-
pression of GLUT3 via the CRH-R1 receptor.

The area is of increasing interest as data accumulate
that fetal growth is an important determinant of adult
health. The Barker hypothesis posits that restricted intra-
uterine growth associated with the birth of a small infant
leads to early onset diabetes, hypertension, and ischemic
heart disease (2). This hypothesis is linked to the concept
of phenotypic plasticity, a widespread phenomenon in na-
ture whereby the environment interacts with the genome
to determine an organism’s phenotype (3). In the setting of
intrauterine growth restriction, it is proposed that im-
paired nutrient transfer to the fetus leads to the develop-
ment of a metabolic phenotype that is adapted to an en-
vironment low in nutrients. The fetus adapted to low
nutrients that is then born into a Western society with
high-energy diets is maladapted, develops obesity, diabe-
tes, hypertension, and early heart disease. There are strong
animal data for this scenario; however, human data are
more limited (4).

Given the importance of optimizing fetal growth, the
pathway to optimal fetal growth becomes of great interest.

Unfortunately, this pathway is very poorly characterized.
Worldwide, low birth weight is very common, leading to a
recent Gates Foundation call for studies on the underlying
mechanisms leading to impaired fetal growth (http://www.
grandchallenges.org/GCGHDocs/Healthy_Growth_Rules_
and_Guidelines.pdf). Althoughconditions suchaspreeclamp-
sia are well-known associates of impaired growth, there is little
knowledge on the etiology of most cases. Major deficiencies
in knowledge extend to even what might be the ideal diet for
a pregnant woman to produce a healthy baby with an opti-
mum metabolic phenotype for the 21st century. National
guidelines for maternal intakes exist, but these are not
founded on a sound evidence base of longitudinal studies of
infant outcomes (5). Recent research on comparative nutri-
tional intakes of protein, fat, and carbohydrate suggest that
all animals have a genetically determined target intake of
macronutrients (6). This work strongly suggests that an ideal
target intake would exist for pregnant women, but this has
not yet been defined.

With an ideal maternal intake, the placenta is the port
via which this nutrition is transported to the fetus. How
exactly this occurs and how it is regulated again remains
unclear. Nutrient sensing by the fetus may involve the IGF
axis within the fetal liver (7). How is nutrient sensing per-
formed by the placenta on behalf of the fetus? Syncytiotro-
phoblast expression of GLUT1 is stimulated by placental
variant growth hormone, which increases across gestation
as does GLUT1; so perhaps again the IGF axis is central
(8). How does the placenta determine how much nutrient
will be invested in placental growth and how much trans-
ferred to the fetus for fetal growth? How does the placenta
regulate the nutrient mix it provides to the fetus and is the
ideal nutrient mix for the mother the same for the fetus?
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These are large questions that need to be answered to guide
policy in providing food for the world’s pregnant women
to optimize fetal growth and improve long-term health for
the next generation to inhabit the planet.

Returning to the paper by Gao et al. (1), it is intriguing
to consider how placental CRH may play a role in glucose
transport to the fetus. Hypothalamic CRH is stress re-
sponsive and anorexic, but what of placental CRH? Pla-
cental CRH is expressed from the same gene as that in the
hypothalamus, but it is regulated quite differently. During
pregnancy, maternal plasma levels of CRH increase expo-
nentially, peaking at the time of delivery (9). Although many
parts of the CRH promoter mediate its complex responses to
acuteandchronicstress in thehypothalamus, in theplacenta,
regulation appears to be restricted to the cAMP response
element. At the cAMP promoter site estrogens, progesterone
and glucocorticoids interact through the cAMP response el-
ement-binding protein and jun to regulate placental CRH
expression (10–14). The placental CRH is expressed in the
syncytiotrophoblast cells of the placenta (15), which are
derived from cytotrophoblasts by fusion mediated by the
endogenous retrovirus coat proteins syncytin 1 and 2 (16).
The exponential rise in placental CRH may be due to a
positive feedforward loop, by which placental CRH stim-
ulates pituitary ACTH leading to increased adrenal cor-
tisol, which paradoxically stimulates placental CRH pro-
duction (contrary to its inhibitory effect on hypothalamic
CRH expression). Alternatively, the increasing CRH may
be due to the exponential increase in syncytiotrophoblast
tissue mass that occurs with advancing gestation (17). Ei-
ther way, the rate of increase in placental CRH is directly
associated with the timing of birth, so that rapid rates of
increase are seen in women who deliver preterm, whereas
slow rates occur in women who deliver late (18). The link
with gestational age and delivery is thought to occur via a
direct action on the fetal adrenal leading to increased de-
hydroepiandrosterone production, which is 16 hydroxy-
lated in the fetal liver and then converted in the placenta
to estriol. The exponential increase in CRH at the end of
pregnancy correlates well with an increase in estriol at this
time (19). This relationship between CRH and estriol is
restricted to the apes, including humans, and the difficul-
ties of conducting experimental studies in these species
means that the only work performed has been correlative
and longitudinal. It may be that the changes in CRH rep-
resent a pattern of placental maturation that is itself linked
to the onset of labor.

The levels of placental CRH as reflected in fetal cord
blood are also increased in the setting of fetal growth re-
striction (20). If Gao et al. (1) are correct, increased CRH
production may represent a compensation by the placenta
in an attempt to improve nutrient transport, in the form of

glucose, to the fetus. Placental CRH is also elevated in
preeclampsia (21), which is associated with growth re-
striction. How the placenta senses the fetal nutrient defi-
ciency and how the production of CRH may be increased
in this setting remains unclear. Perhaps, in the placenta,
the stress-responsive regulation of the CRH gene remains
active and the relative hypoglycemia is a stressor in the
placenta as it is in the hypothalamus.

As always, new data pose new questions. The studies
have been performed in purified cytotrophoblasts cul-
tured for 3 d. There is no data on the apical to basal dis-
tribution of the GLUT1 receptors in this model, yet pre-
vious studies suggest that it is the basal GLUT1 receptor
population that is the rate-limiting determinant of placen-
tal glucose transport (8). This cannot be assessed using
purified and cultured cytotrophoblasts but could be ex-
amined in explants. The expression of GLUT1 in placental
cells is within syncytiotrophoblasts rather than their pre-
cursors the cytotrophoblasts. Because fusion of cytotro-
phoblasts is stimulated by cAMP, and CRH activation of
CRH-R1 mediates increased cAMP, it is possible that the
increased GLUT1 mirrors an increase in formation of syn-
cytium rather than a specific effect of CRH on GLUT1
production (22). It will be interesting to learn if CRH can
directly stimulate not only GLUT1 expression but also
increased glucose transport. Finally, because placental
CRH production is limited to higher primates, in vivo
studies in a primate would be required to demonstrate a
physiological effect of CRH on glucose transport to the
fetus (23).

The work of Gao et al. (1) is another step in our un-
derstanding of the endocrinology of the largest endocrine
organ, the placenta.
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