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Villous trophoblast of human placenta:
a coherent view of its turnover, repair and
contributions to villous development and maturation
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Summary. A coherent view of human villous

trophoblast as a continuously renewing epithelium is
presented. Epithelia undergoing continuous renewal (e.g.
intestinal mucosa, epidermis) display clonogenic cells
which pass through several transit divisions before
migrating out of proliferation zones and into zones of
maturation/differentiation. Quantitative relations (e.g.
relative numbers of cells) between proliferation and
differentiation zones help to define the steady state and
this may vary in response to physiological and
pathological circumstances. From the differentiation
compartment, cells or cell fragments are eventually
extruded by mechanisms which may involve apoptosis.
All these features are seen in trophoblastic epithelium.
Cytotrophoblast cells (CT, proliferation zone) divide
continuously throughout gestation and post-mitotic cells
are recruited into syncytiotrophoblast (ST, differentiation
zone) after membrane fusion. Evidence of fusion events
includes localised confluence of CT and ST cytoplasms,
and intrasyncytial plasma membrane segments bearing
desmosomal remnants. During differentiation, nuclei
undergo changes in shape, chromatin condensation and
packing density. Densely-clustered nuclei are associated
with cytokeratin intermediate filaments and annulate
lamellae. Both clustered and non-clustered nuclei show
ultrastructural features of pre-apoptosis and apoptosis.
Normally, apoptosis is triggered only when nuclei are in
the syncytium. Some (pre-)apoptotic nuclear aggregates
are sequestered in syncytial knots, extruded a s
trophoblast fragments into the intervillous space and
then deported into the maternal circulation to be
phagocytosed at extraplacental sites. During gestation,
there is some constancy in the numerical ratios between
CT and ST nuclei pointing to a normal steady state. The
steady state may be perturbed when the epithelium is
damaged locally. Where the epithelium is denuded,
fibrin-type fibrinoid from the intervillous space plugs the
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discontinuity and, with CT proliferation, facilitates reepithelialisation. Features of normal villous development
(e.g. sprouting, intervillous bridge formation, bridge
abruption, syncytial knot formation) are explicable in the
context of trophoblast turnover with early C T
proliferation being mainly for growth and later
proliferation for renewal and repair. Adaptive re-settings
of the epithelia] steady state may also occur in abnormal
pregnancies.
Key words: Placental villi, Trophoblast, Proliferation,

Recruitment, Differentiation, Apoptosis, Extrusion,
Repair
Introduction

During pregnancy, fetal well-being depends
critically on the regulated growth and activity of villous
arborisations in the placenta. Each arborisation
comprises tertiary (mature) villi which are divisible
topologically into stem, intermediate and terminal villi.
Three main tissues contribute to the structure of tertiary
villi: an outer trophoblastic epithelium surrounds a
mesodermal connective tissue core in which run fetal
blood vessels. Early in gestation, trophoblast
proliferation contributes to formation and expansion of
new villous sprouts by a process of random segmental
branching. Sprouting of terminal villi is dramatic from
the second trimester onwards and this is driven mainly
by growth of fetal vessels in intermediate villi
(Kaufmann et al., 1987; Arnholdt et al., 1991; Jauniaux
et al., 1991; Simpson et al., 1992; Kosanke et al., 1993;
Benirschke and Kaufmann, 2000; Castellucci et al.,
2000). These changes increase enormously the volume
and surface area of trophoblast and fetal vessels and
contribute to the enhanced functional capacity of the
placenta (Aherne and Dunnill, 1966; Teasdale, 1980;
Royd, 1984; Burton, 1987; Jackson et al., 1992;
Benirschke and Kaufmann, 2000).
Growth of villi increases their packing density and
probably contributes to formation of transient

