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Whether occurring during embryonic development, in pathophysiological conditions, such as
wound healing/tissue regeneration, or in fully pathological conditions, such as cancer and
inflammatory diseases, angiogenesis is traditionally thought to be a strongly endothelium-
driven process. In fact, the main features of the angiogenic model, largely preserved as first
proposed by Folkman [1] in 1971, implicate endothelial cells as primary effectors of the
tubulogenesis process [2]. As depicted in figure 1a, pro-angiogenic growth factors (especially
VEGF) trigger endothelial cell activation, proliferation and motility. In addition to resident
endothelial cells, circulating endothelial precursors may also participate in the formation of
interconnected neotubules [3]. Another crucial role is played by local pericytes or bone
marrow-derived pericyte progenitors [4-6]. According to the angiogenesis dogma, pericytes
are recruited by migrating endothelial cells to confer stability to nascent vascular structures
[2,4-7]. Indeed, targeting pericytes through NG2 proteoglycan [8] or PDGFRp [5,6] strongly
impacts neovasculogenesis and may also affect lymphangiogenesis.

Our recent observations suggest that the reduced levels of vascularization observed in pericyte
targeting paradigms are due to a reversal of the roles proposed for endothelial and pericytic
cells in the traditional model (fig. 1a). During normal angiogenesis in fetal human brain (fig.
1b-d) [8], in murine tumor models (fig. 1e-g) [9], in subcutaneous Matrigel plug assays and in
adult mouse cornea [7], cord-like structures composed solely of pericytes are observed at the
sprouting front (see also online suppl. fig. S1; www.karger.com/doi/10.1159/000109965).
These cords appear to serve as guiding structures for the progressive invasion of endothelial
cells to construct the mature vessel (see also suppl. video 1;
www.karger.com/doi/10.1159/000109965).

A high-resolution microscopic imaging of fetal angiogenesis in human brain (fig. 1h, i) reveals
that following disruption of the subendothelial basement membrane during sprouting, a new
one appears to be laid down by early emigrating pericytes at the distal end of the sprouts and
invest these cells [10, 11]. Closer examination of the angiogenic sprouts of fetal human brain
further identifies mitotic endothelial cells at the proximal base of the sprout (fig. 1h, i) rather
than at its distal end. This observation contrasts with the migration-proliferation relationship
proposed for endothelial cells in the classical angiogenesis model: rather than undergoing
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division subsequent to their sprouting migration, endothelial cells proliferate prior to beginning
their movement along pericyte cords. In summary, pericytes initiate sprouting by forming
strands connecting to existing capillaries, and endothelial cells utilize these “cellular cables’
as guidance cues during their post-mitotic movement to complete vessel assembly. While
preserving the crucial role of the intimate interplay between the two vascular cell types,
repeatedly demonstrated to be crucial during vessel formation and maturation, the new
paradigm assigns an un-precedented morphogenetic role to pericytes in the angiogenic process.
The reversal of endothelial and pericytic cell roles during the initial phases of this phenomenon
suggests that we reconsider the rationale of current anti-angiogenic therapies. Despite the
promising clinical utility of interfering with VEGF signalling, combined [12] or selective
pericyte targeting may prove more efficacious in abrogating unwanted neoscularization
without causing vascular side effects.
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Fig. 1.

a Classical view of the process of angiogenesis (modified from Bergers [2]). Pericyte and
endothelial cell activation and co-incident basement membrane (BM) disruption initiate the
sprouting process. Endothelial cells become motile and proliferate in sufficient numbers to
form new tubular structures, which are then invested by pericytes. b-d Dynamics of the
angiogenic process in the developing human brain where cords of pericytes extend from a
preexisting capillary to connect with another vessel (see also suppl. video at
www.karger.com/doi/10.1159/000109965). Subsequently, endothelial cells use the pericyte
cords for guidance, and infiltrate the cords to organize nascent vascular tubules. e-g Low-
magnification view of angiogenic sprouts around and within a uveal melanoma growing in an
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immunosuppressed mouse (orthotopic OCM-1A model). PDGFRp-positive pericytes
(arrowheads) form the sprouting front of an angiogenic capillary in advance of CD31-positive
endothelium. h Endothelial cell division in angiogenic sprouts (human fetal brain) is primarily
detected in cells at the base of the sprout, which is entirely surrounded by type IV collagen. i
Revised angiogenesis model implicating activation of pericyte movement together with
disruption of the surrounding basement membrane to initiate sprouting. Endothelial cells are
then activated, proliferate locally and subsequently infiltrate the pericyte cords that have
established connections with existing capillaries to shape the neovessel. Inset shows the
ultrastructure of the base of an angiogenic sprout in the developing human brain, highlighting
two protruding pericytes surrounded by a basement membrane-like matrix structure (boxed
area) and a mitotic endothelial cell.
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