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Summary. New vessels in the adult have been
considered to be formed not only by angiogenesis, but
also by postnatal vasculogenesis via endothelial
progenitor cells (EPCs). However, it is still a matter of
debate as to what extent the EPCs contribute to new
vessel formation in the adult. While the role of the
circulating and bone marrow-derived EPCs has
intensively been studied, the contribution of the vascular
wall itself was neglected for a long time. Evidence
published in the last few years strongly suggests the
existence of different stem and progenitor cell types in
the vascular wall. Particularly, the presence of EPCs and
smooth muscle progenitor cells (SMPCs) in distinct
zones of the vascular wall supports the hypothesis that
not only BM- or C-EPCs, but also vascular wall-resident
stem cells (VW-SCs) might contribute to new vessel
formation and vascular wall morphogenesis. However,
the differentiation potential of the VW-SCs, e.g. whether
a VW-SC is able to give rise to a complete hierarchy of
vascular progenitors still remains to be studied. This
review will provide a survey about the VW-SCs and
their potential impact in vascular biology.
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Introduction

The de novo development of blood vessels from
angioblasts/hemangioblats during embryogenesis and
their subsequent stabilization by integration of peri-
endothelial cells, as well as their hierarchic organization
according to the demands on tissue blood supply are
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essential prerequisites for organogenesis in the fetal
period. Similar processes also take place during tissue
regeneration and repair in the adult (Conway et al.,
2001; Carmeliet, 2004; Folkman, 2007). But the
neovascularization is also crucially involved in
development of diseases such as atherosclerosis or tumor
growth and metastasis. Until more than a decade ago it
was generally postulated that new vessel formation in
the adult is only provided by sprouting of vessels from
pre-existing blood vessels, called angiogenesis (Folkman
et al., 1989; Risau, 1997). This concept has been
crucially revised since the discovery of EPCs by Asahara
et al. in 1997. Since this report, in a daily growing body
of literature, bone marrow (BM-EPCs), peripheral and
cord blood (C-EPCs) have been described to serve the
sources for EPCs (Shi et al., 1998; Vasa et al., 2001;
Asahara and Isner, 2002; Murayama and Asahara, 2002;
Khurana and Simons, 2003). While the direct and
indirect contribution of BM- and C-EPCs to new vessel
formation in adults is still a matter of debate, emerging
data published in the last few years suggest the existence
of niches for vascular stem cells (VSCs) and, especially,
EPCs outside the BM, such as in the wall of embryonic
and fetal aorta and adult blood vessels, the so called
vascular wall-resident EPCs (VW-EPCs), as well as in
peripheral organs such as liver (Alessandri et al., 2001;
Ingram et al., 2004, 2005; Tavian et al., 2005; Zengin et
al., 2006; Aicher et al., 2007; Grenier et al., 2007;
Invernici et al., 2007). Moreover, the vascular wall
seems to harbour other types of progenitor cells and/or
stem cells with a capability of differentiating to smooth
muscle cells (SMC), fibroblasts and macrophages (Tintut
et al., 2003; Tavian et al., 2005; Zengin et al., 2006;
Passman et al., 2008). VSCs have been considered to
reside in the sub-endothelial zone and within the
vascular adventitia. Additionally, the vascular adventitia
produces factors such as SDF-1, which acts as a chemo
attractant for recruited BM-derived circulating cells and
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guides them to the vascular adventitia. These cells, in
turn, have been suggested to enhance angiogenic
activities of mature endothelial cells (EC) via secretion
of pro-angiogenic factors (Grunewald et al., 2006). It
becomes clear that a glue composed of EPC and other
types of progenitors and stem cells provides pro-
angiogenic and pro-vasculogenic potential within the
vascular wall, which is of relevance not only for repair
and self-renewal of vascular cells or vasa vasorum, but
also for local capacity of neovascularization in processes
of diseases such as tumor growth and metastasis, growth
of atherosclerotic plaques and revascularization of
ischemic tissue. The understanding of this potential in
the vascular wall is also relevant for therapeutic
manipulations. Particularly, data published in the
literature during the last 5-6 years strongly suggest that
the distinct zones of the vascular wall harbour different
types of stem and progenitor cells (Tintut et al., 2003;
Tavian et al., 2005; Zengin et al., 2006; Ergun et al.,
2007; Passman et al., 2008). In the following we will
focus on different subsets of vascular wall-resident stem
cells, such as vascular wall-resident EPCs (VW-EPCs),
vascular wall-resident smooth muscle progenitor cells
(VW-SMPCs) and vascular wall-resident mesenchymal
stem cells (VW-MSCs).

EPC history and the hemangioblast concept

The first discovery of EPCs circulating in peripheral
blood by Asahara et al. (1997) showed that these cells
are recruited to the sites of active angiogenesis and
crucially changed our notion about new vessel formation
in the adult. Generally, today, there is no doubt about the
existence of EPCs in the adult, but confusion still exists
about to what extent they contribute to adult
neovascularization. Meanwhile, recent data suggest that
only a few EPCs are apparently sufficient to induce
angiogenesis (Rafii and Lyden, 2008). EPCs are mostly
defined as peripheral blood- or BM-derived
mononuclear cells that show clonal expression, stemness
characteristics, adherence to matrix molecules and are
capable of differentiation into EC (Barber and Iruela-
Arispe, 2006). One of the essential methods used for the
identification of EPCs is flow cytometry. The most
frequently studied markers are CD34, AC133, KDR
(VEGFR-2), Tie-2, AcLDL and UEA-1 lectin (Asahara
and Kawamoto, 2004; Barber and Iruela-Arispe, 2006),
but none of them can be used alone because the majority
of the used markers are also expressed in hematopoietic
progenitor or hematopoietic stem cells (HSCs). This in
fact makes it difficult to discriminate EPCs from HSCs.
Thus, expression analyses combining a set of such
markers are necessary. Despite such hurdles, the field of
adult EPCs, and in this context also the regulation of
postnatal vasculogenesis, have received huge attention in
the last decade because of the expected use of EPCs, or
cellular therapeutics containing EPCs, in the
establishment of new clinical treatment procedures in
vascular and ischemic disorders. Not only for the

formation of new vessels, but also for the regeneration of
other tissues and in the process of tissue engineering,
EPCs seem to play a crucial role (Asahara and
Kawamoto, 2004; Barber and Iruela-Arispe, 2006).
Signalling mechanisms induced by EPCs/EC exert
effects on neighbouring cells and tissues which have
been reported to be indispensable for organ-specific
internal architecture (Tepper et al., 2002; Asahara and
Kawamoto, 2004).

According to the main body of the published
literature, EPCs are thought to originate from bone
marrow and circulate in peripheral blood (Asahara et al.,
1997; Shi et al., 1998; Gehling et al., 2000; Ingram et al.,
2005; Kovacic et al., 2008). During embryogenesis,
blood vessels are formed de novo by the patterned
assembly of angioblasts, the progenitor cells with
capacity to differentiate to endothelial cells. This
process, called vasculogenesis, is thought to be the basic
mechanism leading to the formation of the aorta and its
main branches. From the published findings it appears
that newly-formed mesodermal cells migrate toward the
yolk sac, where they differentiate to hematopoietic and
endothelial precursor cells, the so called hemangio-
blasts/angioblasts which form the blood islands, an
aggregation of mesodermal progenitors in the wall of the
yolk sac (Risau and Flamme, 1995; Sabin, 2002). The
cells of the outer layer of the blood islands change to a
spindle morphology and then differentiate into ECs,
while the majority of the inner cell mass differentiates
into hematopoietic cells. The concept of hemangioblast
as the common ancestral stem cell for both endothelial
and hematopoietic cells has been discussed
controversially over decades, but recently published
findings strongly suggest the existence of such
multipotent stem cells leading to the generation of
endothelial and blood cells (Huber et al., 2004; Eilken et
al., 2009). However, the adult hemangioblast has not
been identified so far, while theoretically the existence
of such an adult stem cell can be postulated, considering
the fact that adult EPCs and HSCs or hematopoietic
progenitors (HPCs) share common niches. Recently,
published findings suggest that BM seems not to be the
only niche where these stem or progenitor cells reside
side by side. One of the emerging peripheral niches is
apparently the vascular wall, which in the following will
be presented in detail.

Vascular wall-resident vascular stem cells (VW-
VSCs)

Superficially considered, the vascular wall is simply
constructed by three layers, the so called tunica intima,
media and adventitia (Fig. 1). The intima is constructed
by endothelial cells, which are organized along the
longitudinal axis of the vessels, and the sub-endothelial
space containing few single cells, different types of
collagen and extra cellular matrix. The tunica media is
built up by smooth muscle cells which are organized
concentrically and perpendicular to the endothelial cell
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layer. Finally, the adventitia is composed mainly by
fibroblasts and collagen material and, importantly,
contains the so called vasa vasorum and nervous bundle
modulating contractility of the vascular wall. For several
decades, it was generally accepted that adult vascular
wall cells were differentiated and postmitotic and thus,
mainly quiescent cells. This view has changed by the
findings obtained from angiogenesis research which
clearly revealed that mature endothelial cells can be
activated to proliferate and form new vessels (Risau,
1997, Carmeliet and Collen, 2000; Folkman, 2003). For
a long time, this process was thought to be the only
mechanism leading to new vessel formation in the adult
because of assumed absence of vascular stem cells in the
adult. But already in 1988 in the Textbook of Histology
Simionescu and Simionescu mentioned that “in the
partition between internal media and surrounding tissues
and organs, the connective tissue cells of the vascular
wall” contain a pluripotential pool for cell formation and
local repair, for example, in endothelial regeneration
(Simionescu and Simionescu, 1988). Recent findings
obtained from in vitro studies on human material and in
vivo studies on animal models using different techniques
confirm the existence of potentially pluri-/multipotent
progenitor and stem cells in the vascular wall,
particularly in the vascular adventitia (Fig. 1). While it
has still not been explored whether a putative stem cell
with the capacity to differentiate to all types of mature
vascular wall cells does exist within the vessel wall,
emerging findings presented in the last few years suggest
the presence of different types of progenitor and stem
cells within the vessel wall, which have the capacity to

differentiate to mature vascular wall cells and thus will
be called vascular wall-resident vascular stem cells
(VW-VSCs). VW-VSCs encompass subtypes of
progenitors such as VW-EPCs, VW-SMPCs and VW-
MSCs.

Vascular wall-resident endothelial progenitor cells
(VW-EPCs)

Besides the already described niches for EPCs such
as BM and peripheral blood, in the last few years it has
become clearer that the vascular wall harbours EPCs, as
was initially shown for human embryonic aorta
(Alessandri et al., 2001). Further studies revealed the
presence of a complete hierarchy of EPCs in the wall of
human adult blood vessels and umbilical cord blood
(Ingram et al., 2004, 2005). The exact location of the
EPCs within the vascular wall was identified in distinct
zones of the vessel wall, as shown in the sub-endothelial
space and the so called “vasculogenic zone” (Fig. 1)
within the vascular adventitia in close vicinity to the
tunica media (Zengin et al., 2006). So far it has not been
conclusively shown whether VW-EPCs can be mobilized
from the adventitia or the sub-endothelial space into
peripheral blood. But it was recently demonstrated that
EPCs derived from peripheral organs such as liver or
intestine contribute to the pool of circulating EPCs
(Aicher et al., 2007). Since it was reported that intra
organ large arteries and veins of several organs, among
them also blood vessels of the liver, clearly contain VW-
EPCs within their adventitia (Zengin et al., 20006) it can
be speculated that at least a part of EPCs coming from

Layers of the vessel wall

Tunica intima

Tunica media

Tunica adventitia

Vascular wall stem cell niches

Sub-endothelial zone

»Vasculogenic zone“

Fig. 1. Immunostaining for CD34 on a section of pulmonal artery shows exemplarily positive staining in the mature endothelium as expected, but also a
localization of CD34(+) positive cells in the adventitia of this normal artery. The graphic presented in the right panel shows the layers of the vessel wall
and the so far indentified stem cell niches of the vascular wall, such as the so-called vasculogenic zone in the adventitia and the the sub-endothelial
space.
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these organs might be mobilized from the wall of their
blood vessels. There, EPCs may enter the circulation
either through the vascular wall or via vasa vasorum.
Supporting the VW-EPC hypothesis, more recently it
was shown that the EPCs identified in the adipose tissue
were localized in the adipose tissue blood vessels when
the adipose tissue was separated in blood vessel fraction
and adipose tissue without blood vessels (Grenier et al.,
2007). Furthermore, the authors showed that EPCs
mobilized from micro vessels of adipose tissue
contribute to the vascularization and tissue regeneration
(Grenier et al., 2007). Data presented by different groups
demonstrate conformingly that vessel walls contain
CD34(+)VEGFR-2(+)CD31(-)CD144(-) cells, and
interestingly, these cells become positive for CD144
once they are activated to outgrow from the vessel wall
(Alessandri et al., 2001; Zengin et al., 2006; Pasquinelli
et al., 2007). Taken together, BM, peripheral and cord
blood, some organs like liver and intestine, as well as the
wall of middle sized/large blood vessels, serve as
sources for EPCs. Particularly, the identification of the
vessel wall as a niche for EPCs and other progenitors is
of essential impact for vascular biology and has
functional and therapeutic consequences regarding our
notion about tissue vascularization in health and
diseases. From different body regions fragments of veins
and arteries can surgically be extracted without
unacceptable burden for patients, which subsequently
can be used to isolate EPCs and expand them in vitro
under specific culture conditions. These cells then can be
re-implanted to the same patient in a further step and
might help to establish patient specific cellular
therapeutics in the treatment of vascular and ischemic
disorders. Of course, today this conception is a
hypothesis and we are still far from the exact
identification and cellular characterization of the VW-
EPCs, but this vision is more than utopia. Indirect hints
for involvement of the VW-EPCs in vascular repair have
been obtained from in vivo studies. Using eNOS-
deficient mice in which BM was replaced by BM cells
from EGFP(+) wild type mice, no integration of
EGFP(+) EPCs into the vascular endothelial layer was
observed, while a small part of EGFP(+) BM cells were
found in the vascular adventitia (Perry et al., 2009).
From these results the authors conclude that renewal of
chronic dysfunctional endothelium and endothelial
homeostasis may be dependent on resident vascular
progenitor cells. Supporting this interpretation, it was
shown that in the initial phase of tumor vascularization a
considerable part of tumor vessels was formed by EPCs
of BM origin, while in later stages of tumor development
BM originated vessels were diluted by vessels formed
probably by endothelial cells coming from peripheral
niches (Nolan et al., 2007), e.g. from the vessel wall
itself.

Symbiotic co-existance of EPCs and HPCs in the
vascular wall

The symbiotic fate of hematopoiesis and

vasculogenesis is underlined by the hemangioblasts,
which have been considered to be the ancestral
embryonic precursor cells for endothelial and
hematopoietic cells (Risau et al., 1988; Bollerot et al.,
2005; Tavian et al., 2005). Hemopoietic endothelial cells
positive for transcription factor Runx1 have been shown
to represent a subpopulation of the yolk sac
endothelium. The corresponding region within the dorsal
aorta is called hemogenic endothelium and generates
definitive hematopoietic cells including hematopoietic
stem cells (Ribatti, 2008). It has previously been shown
that embryonic cells expressing endothelial molecules
can generate blood cells. Recently, Schroeder and co-
workers showed that haemogenic endothelial cells give
rise to blood cells using continuous long-term single-cell
observation of mouse mesodermal cells (Eilken et al.,
2009).

Primitive hematopoietic cells share with EPCs the
expression of a great part of the cell surface markers,
such as c-kit, CD133, Sca-1, VE-cadherin, VEGFR-2
and endoglin (Rafii and Lyden, 2003; Kopp et al., 2006;
Case et al., 2007). Functionally, the concerted action of
both HPCs and EPCs is essentially involved in the
regulation of tumor vascularization. VEGF, secreted by
tumor cells, recruits VEGFR-1(+) HPCs and VEGFR-
2(+) EPCs to the tumor tissue and activates tumor
neoangiogenesis (Lyden et al., 2001). How necessary
this interaction between HPCs and EPCs is for tumor
growth was shown in an Id-mutant mouse model, where
tumor progression did not take place because of absent
mobilization of BM-derived progenitors and defective
angiogenesis. Tumor growth and angiogenesis were
restored by transplantation of wild-type BM or VEGF-
mobilized stem cells (Lyden et al., 1999). HPCs
recruited to the tumor tissue in turn release pro-
angiogenic factors, such as VEGF-A, angiopoietins and
PDGF, which recruit the EPCs to the tumor vessels
(Okamoto et al., 2005; Grunewald et al., 2006).
Moreover, via these mechanisms HPCs may also
promote the assembly of peri-endothelial cells into the
vascular wall, stabilizing new vessels. Emerging data
suggest that besides the BM, HPCs might also reside
within the vascular wall. Using flow cytometric and
immunohistochemical analyses CD45(+)CD34(-) cells
have been shown to be present in the adult arterial wall
(Fig. 2), suggesting the potential existence of vascular
wall-resident HPCs (VW-HPCs) (Zengin et al., 2000).
The fact that these cells were found to be predominantly
localized in a zone of the vascular adventitia where
CD34(+)Tie-2(+)VEGFR-2(+)VE-cad(-) VW-EPCs
reside (Zengin et al., 2006) again indicates the symbiotic
co-existence of both VW-HPCs and VW-EPCs in the
vascular wall, as in adult BM or in yolk sack during
embryogenesis (Risau et al., 1988; Tavian et al., 2005).
Peault and co-workers demonstrated that a population of
VEGFR-2(+) angiohematopoietic mesodermal stem cells
migrate from the paraaortic splanchnopleura into the
ventral part of the aorta, where they give rise to
endothelial and hematopoietic cells (Tavian et al., 2005).
Supporting these findings it was shown that CD68(+)
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macrophages can be accumulated in the vascular
adventitia during ex vivo arterial ring assay and in vivo in
a rat arteriogenesis model, despite experimental
depletion of the BM (Zengin et al., 2006). Based on the
aforementioned findings it is conceivable to hypothesize
a) that the symbiotic co-existence of both HPCs and
EPCs is not limited to the embryonic period and rather
exists throughout the entire lifetime, and b) that outside
the BM HPCs reside within the vascular wall side by
side with EPCs. Recent findings interestingly show that
vascular stem cells colonize the vascular adventitia
during the embryonic and fetal period (Passman et al.,
2008). One could postulate that for both HPCs and EPCs
BM, peripheral blood and vascular wall serve as niches
which might be interconnected to each other
dynamically, contributing to a balanced movement of the
progenitor cells between BM and vascular adventitia via
blood circulation.

Vascular wall-resident smooth muscle cell
progenitor cells (VW-SMPCs)

While the initial step of new vessel formation is
provided by endothelial cells which build up a nascent
network of immature vessels, their maintenance and
further functional and morphological maturation
essentially depend on the integration of pericytes or
smooth muscle cells into the vessel wall which cover the
endothelial cells. These contractile elements of the
vessel wall are mainly generated from the mesenchymal
cells during embryogenesis, but in some parts of the
vessels they have been shown to be derived from the
neural crest material (Jiang et al., 2000). Thus, within
the same blood vessel the origin of smooth muscle cells
can be heterogeneous. Vascular stabilization is also
needed for newly formed adult vessels in order to
survive and to function. Thus, it is of relevance to
identify the origin of adult progenitor and stem cells

giving rise to vascular smooth muscle cells. Data
published in the literature so far suggest BM (Sata et al.,
2002), peripheral blood (Simper et al., 2002), adipose
tissue (Rodriguez et al., 2006), skeletal muscle (Majka et
al., 2003), hair follicle (Liu et al., 2008) and finally the
vessel wall as niches for smooth muscle progenitors (Hu
et al., 2004; Sainz et al., 2006; Zengin et al., 2006;
Passman et al., 2008). A part of the published findings
identify BM-derived MSCs and an immature type of
pericytes isolated from the aortic wall to give rise to
smooth muscle cells (Sata et al., 2002; Howson et al.,
2005), whereas further strong evidence suggests the
generation of vascular smooth muscle cells from MSCs
and/or VSCs residing in the vascular adventitia (Hu et
al., 2004; Zengin et al., 2006; Pasquinelli et al., 2007;
Passman et al., 2008). Using the human internal thoracic
artery in sprouting assay it was shown that smooth
muscle actin (a-SMA) positive cells were mobilized
from the vessel wall and closely assembled to the
endothelial sprouts (Zengin et al., 2006). Supporting
these findings, using a genetic model for sonic hedgehog
signalling domain Passman et al. recently demonstrated
the existence of Scal(+) vascular stem cells in the
arterial adventitia which were capable of differentiating
into SMC (Passman et al., 2008). Interestingly, the
Scal(+) vascular stem cells are exactly localized in the
“vasculogenic zone”, which has been shown to harbour
EPCs and HPCs (Zengin et al., 2006). Together, these
data strongly suggest that apparently the wall of large or
small arteries and veins of different species, particularly
the vascular adventitia, contains VW-SMPCs and MSCs
with the capability to differentiate to mature vascular
smooth muscle cells (Fig. 2). The functional relevance of
the VW-SMPCs can be fixed on morphogenesis of new
adult vessels and on their potential contribution to the
formation of neointima in atherosclerotic process. VW-
SMPCs might help to stabilize newly formed adult
vessels by angiogenesis and postnatal vasculogenesis

o - VW-VSCs[-EPCs

e VYW-HPCs/-HSCs

s VW-MSCs/-SMPCs

Fig. 2. Detailed graphical
representation of the stem cell
niches of the vascular wall
mentioned in figure 1 with
stem and progenitor cell types
identified until now.




686

VW-stem cells

induced by ischemic disorders. Vascular stabilization is
essential in order to ensure blood flow depending on
tissue demand. But on the other hand, very recently
published findings demonstrate that smooth muscle cells
forming neointima after balloon-induced injury are
apparently not generated from the BM-derived
progenitors, but rather from the pre-existing vascular
wall cells (Rodriguez-Menocal et al., 2009). These data
again underline the clinical relevance of the local
progenitor and stem cells residing in the vessel wall.

Vascular wall-resident MSCs (VW-MSCs)

Besides the EPCs and HSCs, adult arteries of
animals and humans may contain cells with
characteristics of ancestral stem cells. The blood vessel
wall harbours a reservoir of progenitor cells that may be
integral to the origin of the elusive MSCs and other
related adult stem cells (Shi and Gronthos, 2003; Hu et
al., 2004; Howson et al., 2005; Sainz et al., 2006; Covas
et al., 2008; Crisan et al., 2008; Khan et al., 2008).
Almost every organ seems to contain MSC, and
increasing data suggest that MSC also reside within
distinct zones of the vascular wall, such as sub-
endothelial space and vascular adventitia (da Silva et al.,
2006; Zengin et al., 2006; Ergun et al., 2008). In the
following, these cells will be called VW-MSCs. The
establishment of a VW-MSC niche in the vascular
adventitia provides the basis for the rational design of
additional in vivo therapeutic approaches. Moreover,
there is evidence suggesting a perivascular location for
VW-MSCs, correlating these cells with pericytes
(Caplan, 1991, 2008). In this model the perivascular
zone is the MSC niche in vivo, where local cues
coordinate the transition to progenitor and mature cell
phenotypes. However, their precise native localization
remains obscure. The majority of data related to the
contribution of MSCs to the formation of blood vessels
is obtained by studies on BM-derived MSCs. In BM, the
MSCs belong to the non-hematopoietic cells and only
represent a small percentage of the marrow cells
(Caplan, 1991). Under specific culture conditions the
BM-derived MSCs differentiate into fat, muscle, bone
and cartilage cells (Pittenger et al., 1999; Hirschi and
Goodell, 2002; Song and Tuan, 2004). BM-derived
MSCs also differentiate into vascular smooth muscle
cells (SMC) (Kashiwakura et al., 2003; Zuk et al., 2001).
After being seeded on a synthetic vascular graft, they
differentiate into both SMC and EC in vivo (Matsumura
et al., 2003).

EC and pericytes, as well as smooth muscle cells,
cause a special microenvironment that affects the
behaviour of stem cells, in a concept termed ‘“vascular
niche”, and the basement membrane plays a central role
in that niche (Palmer et al., 2000; Carmeliet, 2003;
Nikolova et al., 2007). About 15 years ago the site of
pericytes associated with vessels was suggested to be a
peri-vascular niche for MSC (Nehls et al., 1992; Nehls
and Drenckhahn, 1993). In the vascular wall, pericyte-

like cells were shown to serve as cellular potential for
VW-MSCs, which apparently differentiate into cell
colonies expressing adipogenic, osteogenic and
chondrogenic markers (Romanov et al., 2003) as BM-
derived MSCs. According to this hypothesis, these
pericyte-like cells are present in the subendothelial space
of all vessels (Andreeva et al., 1998). Furthermore,
recently it was shown that a-SMA expressing cells
(Zengin et al., 2006) are closely associated to sprouting
EC, and it was postulated that these a-SMA positive
cells were probably generated from VW-MSCs.
Furthermore, these cells were found to cover newly
formed endothelial sprouts. Taken together VW-MSC
might build up an adult multipotent stem cell population
distributed through the whole body because of their
close association to the blood vessels. With this property
they might serve a cellular potential giving rise to not
only endothelial and smooth muscle cells, but also to
several other mature non-vascular cell types.

Conclusions

As recapitulated above, the data published in the
literature, particularly those in the last few years strongly
suggest the vascular wall as a niche for different types of
stem and progenitor cell types. A rapidly emerging
concept is that the wall of blood vessels itself provides a
micro milieu serving for retrieval, integration, storage,
and release of key regulators, including stem and/or
progenitor cells. Based on the findings summarized in
this review one can hypothesize that a cell type,
normally involved in physiological vascular
homeostasis, might also act as a reservoir of
undifferentiated cells ready to supply the cellular
demands of the tissue they belong to and acquiring local
phenotypic characteristics. In response to stress,
development of atherosclerotic plaques or injury,
resident adventitial cells can be activated and specified
to exhibit different functional and structural behaviours.
Although it is still not clear whether the same maternal
or progenitor cells give rise to the generation of mature
pericytes, endothelial and smooth muscle cells,
macrophages and blood cells from the vascular wall, the
existence of such stem and progenitors in distinct zones
of the vascular wall encourages the undertaking further
effort in order to better characterize these cells and to
evaluate their therapeutic potential.
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