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Recent epidemiological studies suggest a link
between reduced fetal growth and the subse-
quent development of hypertension and
diabetes in adult life.!> An understanding of
the aetiology of fetal growth retardation is
therefore of increased importance. Fetal
adaptations to an adverse uterine environment,
of which low birth weight is the most obvious
marker, may ‘programme’ an individual in
such a way that organs become permanently
defective in their structure, physiology, or
regulatory function.® Although there are many
causes of growth retardation (for example viral
infection and smoking),” the babies in these
epidemiological studies fall into the category of
idiopathic intrauterine growth retardation
(IUGR). We believe that this reduced fetal
growth is due to poor development of the
maternal blood supply to the fetoplacental unit
because of defective interaction between
placental trophoblast cells and cells of the
maternal uterine mucosa, the decidua.

The evidence indicates that non-genetic
maternal influences, rather than the fetal geno-
type, are of primary importance in determining
birth weight.8 What maternal factors should be
considered? In many published papers it is
implied that maternal undernutrition is an
important cause of impaired fetal growth.3?
Although this is true in cases of sudden
starvation!® or of chronic malnutrition, this
explanation is unlikely to apply in developed
countries,” and indeed the phenomenon is
largely independent of social class.! >

Fetal growth and nutrition obviously depend
on an adequate supply of nutrients via the
placenta and therefore on the maternal blood
flow to the intervillous space. Crucially
important in this respect is the transformation
of the maternal spiral arteries in the first
trimester.!! In normal pregnancy the walls of
the muscular spiral arteries are destroyed, and
the vessels transformed into low resistance
sinusoidal sacs capable of delivering a high
constant flow of blood at low pressure (and
independently of autonomic responses)
throughout pregnancy. Notably this process is
initiated early in gestation and is completed by
16-18 weeks. The transformation is effected
by placental trophoblast cells invading the
arterial wall, from the inside by migration
down the lumen of the vessel, and from the
outside by infiltration into the decidua.l?
Failure of this process will lead to a compro-

mised blood supply to the fetoplacental unit
and its presence in IUGR has been shown by
histological examination of pregnant hysterec-
tomy specimens and placental bed biopsies. It
was noted that in many cases of IUGR the
trophoblast invasion of decidual spiral arteries
was inadequate in terms of the number of
vessels invaded and the depth of invasion.!3 14
In normal pregnancy the vascular transforma-
tion extends well into the myometrium
whereas this does not occur in IUGR. Aetio-
logical explanations do need to take into
account the different patterns of growth
retardation which, in the epidemiological
studies, were associated with the development
of hypertension in later life. Babies may have a
low birth weight, or be thin or short at birth.
The placenta can be large in relation to body
weight,? and the highest blood pressures were
found in those people who had been short
babies with large placentas.’

The presence of a large placenta in one
pattern of growth retardation may be
explained by the ability of the placenta to
undergo compensatory hypertrophy if the
maternal blood supply is only moderately
impaired. If the reduced blood supply results
in hypoxia in the intervillous space, the
placenta tends to enlarge in an attempt to
increase the surface area available for transfer
of oxygen and nutrients to the fetus. In such
cases the placenta is large relative to the size of
the baby. Indeed other causes of hypoxia, such
as anaemia!® and high altitude!¢ also result in
larger placentas. In the other pattern of poor
fetal growth in which babies are thin at birth,
the maternal blood supply is more severely
impaired and the placenta presumably cannot
respond by hypertrophy and therefore both
fetus and placenta are small.

Interestingly, histological studies have also
identified the association of maternal pre-
eclampsia with inadequate trophoblast trans-
formation of decidual arteries,'” 18 so that
IUGR and pre-eclampsia seem to share a
common aetiology of poor placental perfusion.
Poor fetal growth in utero is seen in both con-
ditions but in pre-eclampsia there is a super-
imposed maternal systemic syndrome. This
could explain Barker and Osmond’s original
observation that the mortality from cardio-
vascular disease in adults correlated to past
maternal mortality from toxaemia around 70
years ago.!® It would also explain the fact
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that blood pressure is more closely related to
maternal than paternal systolic pressure.20

To elucidate the pathological defects under-
lying IUGR and pre-eclampsia, the priority for
research, therefore, should be to address
the mechanisms controlling the interaction
between invading trophoblast and uterine
decidua, rather than to focus on maternal
nutrition. At present, it is not known how
vascular invasion by trophoblast is controlled.
Decidua must provide an important restrain-
ing influence on trophoblast behaviour, for
when implantation occurs on sites where
decidua is sparse (as in ectopic pregnancies or
placenta percreta) trophoblast over invades
causing rupture of organs.!® Conversely the
decidual defences against trophoblast invasion
must work too well in pre-eclampsia and
IUGR. Decidua exhibits many characteristic
features. For example there is deposition of a
specialised extracellular matrix which includes
laminin and fibronectin. The interaction of
trophoblast with these matrix proteins via
expression of appropriate integrins and pro-
duction of proteases by trophoblast, would be
important areas for future investigation.2! Also
a variety of cytokines are demonstrable at the
implantation site in decidua. It would be
pertinent to identify the cellular sources of
these cytokines and define their activity. Many
of these were first described as regulators of
bone marrow proliferation and differentiation
(for example colony stimulating factor-1, gran-
ulocyte-macrophage colony stimulating factor,
leukaemia inhibitory factor)?? and may play a
similar part in regulation of trophoblast differ-
entiation as it moves into uterine tissues.

It is of particular interest, though, that the
process of implantation involves the inter-
mingling of cells from two genetically different
individuals, so its success appears to defy the
laws of transplantation immunity. Thus, the
trophobilast cells moving through the maternal
uterine tissues to destroy and replace the
arterial walls are foreign to the mother.
However, it has now been demonstrated that
although invading trophoblast does not express
normal classical HLLA class I transplantation
antigens, it does express a product of the non-
classical class I HLA-G gene instead.?? At the
same time the decidua is infiltrated by large
numbers of distinctive, apparently uterine
specific, large granular lymphocytes/natural
killer cells (LGL/NK) with unusual phenotype
which are not seen in any other adult organ.?*
Because these uterine leucocytes are physically
so closely associated with invading trophoblast
and infiltrate the uterus at the same time, it is
possible that their interaction with trophoblast
could provide an important element of control.
Although the function of HLA-G is not
known, class I molecules can be recognised by
peripheral blood NK cells, even though NK
cells lack the CD3-T cell receptor complex.?> 26
One intriguing possibility is that uterine
LGI/NK cells have receptors which can
‘recognise’ HLA-G and are then triggered to
perform various effector functions that can
influence trophoblast behaviour. This would
be a novel recognition system reminiscent of
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primitive defence mechanisms used by
invertebrates.

Efforts to study placental implantation are
hampered by the fact that other species, even
those with haemochorial placentation, do not
exhibit the same degree of trophoblast invasion
and vascular transformation and, therefore,
cannot be used for experimentation. In
particular, extrapolation of data from those
species with epitheliochorial placentation, such
as sheep, is unlikely to be valid. It is necessary
to create valid in vitro models using human
tissues, but these studies are not easy to
perform as they require the selective isolation
of the various cell types from the fetomaternal
interface. Trophoblast, in particular, is notori-
ously difficult to isolate to a sufficient degree of
purity for in vitro experimentation. However,
these technical difficulties are beginning to be
resolved,?” and appropriate experiments can
be devised. It is in vitro studies such as these
that will determine the mechanisms by which
maternal blood supply to the placenta is con-
trolled and hence reveal the factors which will
ultimately influence fetal growth in utero.
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