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INTRODUCTION

The aim of this workshop was to discuss in the broadest terms

the role of blood vessels in establishing and maintaining

a healthy pregnancy. It focused on the vessels at the feto/

maternal interface namely the vessels of chorionic villi and

the maternal spiral arteries. Cells of these vessels interact

closely with trophoblast cells but with very different outcomes.

In the chorionic villi this interaction must work to promote

and maintain vessel integrity whilst the interactions between

the extravillous trophoblasts and the cells of the maternal spi-

ral artery lead in early pregnancy to vessel instability and

remodelling and later vessel stabilisation. Knowledge of the

mechanisms behind these paradoxical events may allow new

therapeutic approaches to pregnancy complications such as

placental insufficiency. The specific questions addressed by

organisers and participants included the nature of the interac-

tion between the developing chorionic vascular tree and the

chorionic villous trophoblast stem cells, the nature of the inter-

action between extravillous trophoblasts and the cells of the

maternal spiral artery specifically whether apoptosis plays

a role in the remodelling of maternal spiral arteries. The role

of traditional growth factors such as vascular endothelial

growth factor (VEGF) in regulation of maternal and fetal vas-

cular growth and vascular tone was also addressed.

HETEROGENEITY OF ENDOTHELIAL

GENE EXPRESSION

The heterogeneity of fetal endothelial cells per se was ad-

dressed by Kalionis (Australia) in his talk entitled ‘Homeobox

gene expression in placental microvascular endothelial cells’.

Using a variation of the perfusion-based method described

by Lang et al. [1] placental endothelial cells (PLEC) were

isolated by perfusion of the fetal placental vasculature with

proteolytic enzymes and enrichment of the cells by Percoll gra-

dient centrifugation. Yields of 5� 104 to 6� 105 cells per cot-

yledon, with 93e98% purity and 66.3e100% viability, were

obtained by this technique. Using RT-PCR analysis of uncul-

tured PLEC, the homeobox genes DLX3, DLX4, MSX2,

GAX, and HLX1 were found to be expressed in

microvascular endothelial cells. Furthermore, one of these

homeobox genes, HLX1, was not expressed at high levels in

human umbilical vein (HUVEC) cells indicating that the mac-

rovascular HUVEC and microvascular PLEC display signifi-

cant gene expression differences. Microarray analysis on

enriched placental endothelial cells also detected expression

of the above homeobox genes but revealed six additional

homeobox genes [2] whose expression in PLEC were con-

firmed by RT-PCR. One of these homeobox genes, HEX,

is an important regulator of endothelial cells in the cardiovas-

cular system but had not been previously identified in the

placenta. The remaining five homeobox genes, again had not

previously been identified in the placenta, or in endothelial

cells, but were shown to be expressed in embryonic cell types

and tissues. Kalionis concluded that it was important to study

gene expression on enriched cell populations, rather than

whole placental tissue, since this approach has broadened the

repertoire of potentially important genes in the placental

vasculature.

VILLOUS TROPHOBLAST–ENDOTHELIAL

INTERACTIONS

Badet (France) addressed the important issue of vasculogenesis

within the chorionic villi and whether adjacent cells may influ-

ence this. During human placental development, the chorionic

villi grow in coordination with the establishment of a large

capillary network that occurs by means of both vasculogenesis

from in situ differentiating endothelial cells and angiogenesis

by sprouting capillaries from pre-existing vessels [3]. Endothe-

lial cells differentiate into blood vessels as a result of signals
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from adjacent cells. In early placenta, vasculogenesis might be

controlled by villous cytotrophoblast [4]. However, in different

models, endothelial cells have been shown to provide develop-

mental signals to the growing organ throughout development

[5] and might induce essential steps in organ formation, prior

to blood vessel function [6]. Badet et al. showed that there was

immunoreactivity to angiogenin, a potent inducer of blood ves-

sel formation, in key points in the developing early chorionic

villi. It has been previously shown by her group to be ex-

pressed in the human term placenta [7]. At this workshop,

angiogenin was shown to be associated with actively dividing

endothelial and trophoblast cells which might reflect coordi-

nated morphological development. Cells and the cellular ex-

tensions that bridge the cytotrophoblast layer to the nascent

vessels expressed endothelial markers and were strongly

labelled for angiogenin as well as the trophoblasts facing

them. Given the biological activities of angiogenin in vitro

and the induction of expression in response to hypoxia recently

shown by Rajashekhar and collaborators in placental tissue cul-

ture [8], these data suggest that angiogenin might play a role in

placental organogenesis in concert with other regulators, and

opens the discussion on the possibility for endothelial cells

to driving or signalling placental growth and morphogenesis.

REGULATION OF MATERNAL AND FETAL

VASCULATURE BY PLACENTAL VEGF

Vascular endothelial growth factor (VEGF) is a well-known

angiogenic growth factor and permeability factor. Brownbill

(UK) in his talk entitled ‘Placental secretion of VEGF into

the fetal land maternal circulations’ introduced the novel con-

cept of the placenta as a major regulatory organ of maternal

VEGF endocrinology, as well as being involved as a vasodilator

of fetal vessels [9] and in fetal angiogenesis [10,11] . Data were

presented on the measurement of (i) the summated concentra-

tions of total VEGF 121 & 165 isoforms (tVEGF, RIA), (ii) the

summated concentrations of all free isoforms of VEGF-A

(fVEGF, sandwich ELISA) and (iii) the total concentrations

of the soluble VEGFR-1 receptor (sVEGFR-1, sandwich

ELISA), in fetal- and maternal-side venous perfusate samples

from term healthy in vitro, open-circuit, superoxic-perfused

placental lobules, and also in cord sera. tVEGF was secreted

into both the fetal and maternal circulations during perfusion,

with levels in both circulations plateauing after 60 min. When

all measured ligands were considered within all groups of per-

fusate and serum samples, there was found to be a common in-

verse relationship between sVEGFR-1:tVEGF ratio and

fVEGF levels. This relationship is in agreement with other

studies on maternal serum [12,13].

Measurements of tVEGF in the fetal cord arterial and

venous sera were around 2.5 times that measured in the per-

fused placental lobule. (The lower fetal-side release in vitro

might be attributable to the superoxic nature of the model,

as currently employed.) The release of all ligands into the fetal

circulation was low, but tVEGF release exceeded sVEGFR-1

release, so that there were measurable, but very low levels of

fVEGF in fetal venous perfusate. However, arterial cord sera

levels of fVEGF were much higher than this, suggesting that

the placenta has a relatively unimportant fetal endocrine role

with regards to the determination of fVEGF sera levels. An

fVEGF venous serum concentration of around 39 pM, based

on the m/w of the VEGF-165 isoform, closely approximates

to the EC50 of 45 pM found for the vasodilatory response of

fetoplacental vasculature found in the in vitro perfused term

healthy lobule [12]. VEGF thus is a physiologically significant

regulator of fetoplacental tone in vivo.

Interestingly, in these experiments, very high level of

sVEGFR-1 was detected in the maternal-side venous perfus-

ate, which exceeded that of high tVEGF levels, causing com-

plete sequestration of VEGF, leading Brownbill et al. to

conclude that the placenta may be a major regulatory organ

of maternal VEGF endocrinology. Immeasurable levels of

fVEGF in the maternal venous perfusate contrasts with the

small but significant level of fVEGF in the peripheral maternal

circulation [12]. This imbalance must be addressed in vivo by

further net secretions of VEGF from other maternal compart-

ments to permit bio-activity of VEGF within the maternal pe-

ripheral circulation and to assist in the appropriate regulation

of systemic maternal vascular function.

TROPHOBLAST–MATERNAL VESSEL

INTERACTIONS

The second part of the workshop was dedicated to talks on

the invading fetal trophoblast cells with cells of the maternal

vessels. Rosemary Keogh (UK) and Lynda Harris (UK)

addressed the issues of ‘Vascular remodelling in pregnancy’.

Keogh, gave an elegant summary of the main features of

this interaction. Vascular remodelling of resistance arteries

typically involves medial thickening through hyperplasia of

smooth muscle cells (SMC) and deposition of extracellular

matrix. The result is a reduction in lumen diameter and in-

creased resistance. In human pregnancy the opposite occurs

when the uterine spiral arteries are remodelled. There is loss

of both endothelium and SMC resulting in medial ablation, lu-

minal expansion and a decrease in resistance. The factors that

influence vessel remodelling can be classified as cellular, mi-

croenvironmental or genetic. In pregnancy, the cellular effect,

namely the presence of the trophoblast, is the most important

factor that determines the outcome of remodelling. Due to the

scarcity of appropriate tissue and models, little work has been

done to understand the basics of spiral artery remodelling in

human pregnancy. Recent work on pregnant rats has identified

features that suggest that they could be a useful model for

future investigations into the fundamental mechanisms of

remodelling in human pregnancy [14].

Shallow or incomplete trophoblast invasion with limited

vessel remodelling have been associated with complications

of human pregnancy such as preeclampsia. Work on spiral

artery remodelling has focussed on defects that may lead to

this outcome, however, little is known about the basis of
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