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Vascular repair upon injury is a frequently encountered pathology in cardiovascular diseases, which is crucial for the maintenance
of arterial homeostasis and function. Stem/progenitor cells located on vascular walls have multidirectional differentiation potential
and regenerative ability. It has been demonstrated that stem/progenitor cells play an essential role in the basic medical research
and disease treatment. The dynamic microenvironment around the vascular wall stem/progenitor cells (VW-S/PCs) possesses
many stem cell niche-like characteristics to support and regulate cells’ activities, maintaining the properties of stem cells.
Under physiological conditions, vascular homeostasis is a cautiously balanced and efficient interaction between stem cells and
the microenvironment. These interactions contribute to the vascular repair and remodeling upon vessel injury. However, the
signaling mechanisms involved in the regulation of microenvironment on stem cells remain to be further elucidated.
Understanding the functional characteristics and potential mechanisms of VW-S/PCs is of great significance for both basic and
translational research. This review underscores the microenvironment-derived signals that regulate VW-S/PCs and aims at

providing new targets for the treatment of related cardiovascular diseases.

1. Introduction

Stem/progenitor cells are a type of undifferentiated cells or
primitive cells that have the ability to replicate themselves
and differentiate into multiple types of cells [1]. The VW-
S/PC system plays an indispensable role in the development,
maintenance, repair, and remodeling of blood vessels. It is
reported that there are four major types of progenitor/stem
cells in vascular tissues, including smooth muscle progenitor
cells (SMPCs), endothelial progenitor cells (EPCs), myeloid
progenitor cells, mesenchymal stem cells (MSCs), and peri-
cytes [2-4]. As stem cells perform their functions, the micro-
environment is extremely important in various physiologic
and pathologic responses [2]. The microenvironment refers
to the surrounding structures and components that can pre-
cisely regulate the dynamic balance of stem/progenitor cells
[3], including nearby nerve cells, stromal cells, various
growth factors, and cytokines bound to the extracellular

matrix. Stem cell niche provides a dynamic microenviron-
ment to maintain the tissue homeostasis and facilitate repair
and regeneration.

Stem/progenitor cells are involved in the regulation and
maintenance of vascular homeostasis under both physiolog-
ical and pathophysiological conditions. The vascular wall
provides a microenvironment to support and regulate VW-
S/PCs. Multiple interactions between stem cell intrinsic fac-
tors, supporting cells, extracellular matrix, and signaling
pathways specify cell fate and regulate stem cell proliferation
and differentiation [5]. During vascular injury, stem/progen-
itor cells can be mobilized to the damaged area and differen-
tiate into mature vascular wall cells, participating in the
regulation of vascular development, repair, and remodeling
[6]. Cardiovascular disease is the leading cause of death
worldwide. The occurrence and development of cardiovas-
cular diseases are closely related to the imbalance of vascular
homeostasis and pathological vascular remodeling.
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Accumulating studies have demonstrated that the interac-
tion between vascular microenvironment and VW-S/PCs is
critical to vascular homeostasis.

Many studies have shown that some tissues around the
blood vessel wall, such as nerve tissue, lymphatic tissue, adi-
pose tissue, and vasoactive substances, are involved in the
regulation of VW-S/PCs. Currently, how the microenviron-
mental factors regulate the function of VW-S/PCs remains
to be clarified. Therefore, in this review, we highlight the
key factors that regulate the functions of VW-S/PCs and dis-
cuss the interplay between VW-S/PCs and the microenvi-
ronmental homeostasis. Improved knowledge on the
interactions will enhance the insight into VW-S/PCs behav-
ior and the influence of the microenvironment on VW-S/
PCs regenerative capability [4].

2. Tissues in the Microenvironment
Affecting VW-S/PCs

There are many microenvironmental factors that affect VW-
S/PCs, which together maintain the dynamic balance around
the blood vessels. In this part, we will elaborate from the fol-
lowing main aspects, so as to understand the interaction
among them (Figure 1).

2.1. Nerve Tissue. On the cross section of the blood vessel,
nerve fibers are mainly distributed at the junction of the
media and adventitia, and some nerves extend into the
smooth muscle layer of the media. The reticular nerve plexus
surrounding the blood vessel wall can be observed by spe-
cific staining. Normally, the density of nerve distribution
on the artery wall is more abundant than that of vein [6].
It is reported that the activity of VW-S/PCs is affected by
the nerve tissue surrounding the blood vessel wall [7-11].
It has been demonstrated that nerve growth factors (NGF)
can promote EPC activation, mobilization, and endothelial-
ization of tissue-engineered blood vessels [7]. In vitro,
NGF promoted EPC proliferation and migration, form more
colonies, and differentiate into endothelial cells (ECs). Flow
cytometry analysis showed that the number of EPCs in
peripheral circulation increased after NGF treatment in
C57BL/6 mice [8]. The mobilization and homing of EPCs
are essential for the development of antistenosis and anti-
thrombosis tissue engineering blood vessels. When endothe-
lial damage is severe, EPCs can migrate into the damaged
site, where they differentiate into cells that substitute apo-
ptotic ECs. The process can promote blood vessel reendo-
thelialization and angiogenesis, lowering neointimal
hyperplasia and thrombosis [9]. Stocum believed that nerves
and the apical epidermal cap (AEC) together play a vital role
in the proliferation of MSCs to form the blastema of regen-
erative amphibian limbs [10]. In addition, adult MSCs have
shown increased nerve regeneration. Recent work also sug-
gests that multipotent progenitor cells (MPCs) would possi-
bly deliver neurotrophic advantages via indirect means, as
MPCs exhibit the potential to manipulate their nearby pro-
teolytic microenvironment [11].
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2.2. Adipose Tissue. Adipose tissue is an organ with metab-
olism, regulation, and high regeneration potential. The
adventitia of vascular wall is surrounded by a special kind
of adipose tissue, called perivascular adipose tissue
(PVAT) [12]. PVAT is a key regulator of vascular func-
tion, which plays a vital role in the expansion and differ-
entiation of VW-S/PCs. Dysfunction of PVAT can
promote vascular dilation and regulate further biological
processes, including stem/progenitor cell activation, extra-
cellular matrix remodeling, and angiogenesis [12]. Adult
PVAT has the physiological characteristics of both white
adipose tissue and brown adipose tissue. Its metabolic
activity may affect vascular tension, vascular remodeling,
angiogenesis, and thermogenesis [13]. VW-S/PCs in adi-
pose tissue is the source of MSCs, commonly known as
vascular wall resident MSCs or tissue-specific MSCs [14].
PVAT is considered as a supporting component of blood
vessels and acts as a protective cushion on the walls of
blood vessels from adjacent tissues during vessel relaxation
and contraction [15]. It can be assumed that PVAT regu-
lates vascular function and differentiation of VW-S/PCs by
acting directly on vascular smooth muscle cells (VSMCs)
and ECs through different mechanisms [16]. PVAT exists
in the adventitia of most vessels and plays an essential role
in maintaining vascular homeostasis. There is increasing
evidence that PVAT, in response to intravascular mechan-
ical injury, may release vasoactive substances that affect
vascular function and regulate subsequent neointima for-
mation by promoting VSMCs growth, adventitial inflam-
mation, and neovascularization [17]. It can be speculated
that the process involves the migration and differentiation
of VW-S/PCs. Most studies ascribed that the role of PVAT
in vascular remodeling is related to adipokines secreted by
perivascular adipocytes. PVAT attached tightly to the walls
of blood vessels and acted on them by paracrine adipo-
kines, unlike other adipose tissues that required blood to
transport adipokines [12-17]. However, Gu et al’s
research shows that MSCs also exist in PVAT and play a
role in vascular regeneration. They immediately deter-
mined the heterogeneous PVAT-derived mesenchymal
stem cells (PV-ADSCs) at a single-cell level and two sub-
populations with distinct signaling pathways and signature
genes by means of single-cell RNA-sequencing [18]. The
characteristics of PVAT in angiogenesis are partly attrib-
uted to the fact that PVAT is an active tissue surrounding
blood vessels and is regulated by the feedback of ECs and
SMCs. Furthermore, numerous studies have shown that
PVAT plays a protective role against atherosclerosis under
physiological condition, by increasing the adiponectin level
and eNOS expression, thereby inhibiting plaque formation,
reducing inflammation, and improving endothelial func-
tion [19]. However, under pathophysiological conditions,
these dysfunctional PVAT releases proinflammatory adipo-
kines, resulting in the dysregulated calcium and phosphate
homeostasis and enhanced vascular calcification and arte-
rial stiffening [15, 20, 21]. Thus, the balance between
pro- and anti-inflammatory adipokines secreted from adi-
pocytes determines the effects of PVAT on vascular
remodeling processes.
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FIGURE 1: Proposed model of microenvironment in vascular stem cells niche. The vessel wall comprises an inner layer (intima), a thicker
media layer (smooth muscle cells), and an outer layer (adventitia). The intima is mainly composed of a monolayer of endothelial cells
(ECs), including mature and terminally differentiated cells (pink) and also endothelial progenitor cells (EPCs) (blue), which can
proliferate, migrate, and differentiate into ECs to replace injured ECs in vascular repair. The adventitia is a dynamic layer in active
communication with the other vessel wall layers, and it contains various cell types among others, including PCs (CD34*/SCa-1*
progenitor cells), mesenchymal stem cells (MSCs), macrophages, fibroblasts, adipocytes, pericytes, lymphocytes (B cells and T cells), and
NK cells surrounding the neural fibers, lymphatic vessels, and secreted signaling molecules in adventitia.

2.3. Lymphoid Tissue. Lymphoid tissue is also known as
immune tissue, which plays a major role in the mucosal local
anti-infective immunity [22]. In addition, lymphoid tissue
and lymphocytes have some effect on the physiological and
pathological activities of VW-S/PCs. Lymphocytes include
B cells and T cells. In addition, there are other immune cells
involved in the regulation of microenvironment, such as nat-
ural killer (NK) cells, macrophages, and dendritic cells [23].
Studies have proven that CD8" T cells in favorable acute
myeloid leukemia (AML) facilitated the growth of leukemia
stem/progenitor cells (LSPCs) by way of stimulating the
autocrine manufacturing of necessary hematopoietic cyto-
kines such as interleukin-3 (IL-3). In contrast, LSPCs in
aggressive AML are promoted by activating stem cells or
proliferation-related pathways and promoting the expres-
sion of bone marrow (BM) CD8" T cells [23]. Interactions
between extracellular matrix elements, adhesion molecules,
and cytokines may also provide the basis for fluid accumula-
tion in vascular-associated lymphoid tissue areas and for
practical improvement of subsequent atherosclerotic lesions
[24]. This mechanism may also be involved in the activity of
VW-S/PCs. Adaptive immunity is critical in vascular
remodeling following arterial injury. P. Maga et al. hypothe-
sized that acute changes in T cells at the site of percutaneous
transluminal angioplasty (PTA) could be an indicator of
their potential interaction with the injured vascular wall
[25]. Thus, it used to be concluded that the observed acute
reduction in T cells might be due to cell adhesion to the

injured vascular wall. This change can affect the immune
response to early vascular injury [26]. In addition, allogeneic
T cells from corneal graft hosts may promote vascular ECs
proliferation through vascular endothelial growth factor
(VEGF) signaling pathway, while IFN-y has shown an anti-
angiogenesis effect. T cells are important agents of angiogen-
esis in transplantation [27]. Besides, NK cells are known to
be involved in vascular remodeling and intimal hyperplasia
formation. The vascular remodeling in C57BL/6 NKC in
CMVI1(R) mice most likely be stimulated by activating
IFN-y secretion in NK cells [27]. Therefore, lymphatic tissue
and lymphocytes may have an effect on VW-S/PCs. The
underlying mechanism remains to be further studied.

3. Cytokines and Vasoactive Substances in the
Microenvironment Affecting VW-S/PCs

There are cytokines and vasoactive substances that play
equally important roles in the regulation of VW-S/PCs,
including inflammatory factors, cytokines and peptides,
extracellular matrix, thromboxane A2 (TXA2), histamine,
5-hydroxytryptamine (5-HT), and bradykinin (BK)
(Figure 2). We will give an overview in this section.

3.1. Inflammatory Factors. Inflammatory factors, especially
proinflammatory cytokines, play a direct or indirect role in
the proliferation and differentiation of VW-S/PCs. It has
been well known that tumor necrosis factor (ITNF) is a
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Cell proliferation, migration, differentiation, vascular diseases

F1GURE 2: Multiple signaling pathways are involved in the migration of VW-S/PCs. Under physiological conditions, VW-S/PCs reside in the
microenvironment “stem cell niche.” In vascular diseases, inflammatory factors, cytokines, and chemokines are released by activated VW-§/
PCs. IL-10 affects intracellular expression of related genes through JAK-STAT pathway, and SOCS is a specific inhibitor of the pathway.
Vascular Sca-1" cell migration can be induced by SMC-derived chemokine CCR2 and CXCR?2 through the CCR2/Rac1/P38 and CXCR2/
Rac1/P38 signaling pathways. Extracellular matrix (ECM) induces phenotypic transformation and cytoskeletal changes and affects the
intracellular pH balance, providing a potential target for vascular diseases.

proinflammatory cytokine that inhibits or promotes the
migration and differentiation of VW-S/PCs. Elaboration of
TNF is a very early event in development of ischemia/reper-
fusion injury [28]. It has been suggested that TNF-« signifi-
cantly inhibited the proliferation, migration, adhesion, and
vasculogenesis of late EPCs. TNF-« decreased the levels of
NO secretion and KLF2 expression in EPCs at mRNA and
protein levels but increased the levels of inflammatory fac-
tors along with ICAM-1 and MCP-1 [29]. Short-term treat-
ment with anti-TNF used to be in a position to expand
circulating EPCs while reducing disease process. This sug-
gests that inhibiting the prevalence of inflammatory process
may additionally positively have an effect on the endothelial
feature [30]. However, Wang et al. suggested that overex-
pression of IL-10 had no impact on adhesion, migration,
proliferation, tubule formation, and cell growth of EPCs.
While after EPCs had been incubated with TNF-a, the over-
expression of IL-10 could improve the EPCs function by
activating the STAT3 signal pathway [31]. Likewise, it has
additionally been confirmed that TNF-« regulates the apo-
ptosis of human VSMCs and promoted the destabilization
of atherosclerotic plaques with the aid of downregulating
connexins 43 (Cx43) [32]. In addition, human bone marrow
MSCs promote osteoblastic proliferation, migration, differ-
entiation, and calcification in cytokine-activated inflamma-
tion [33]. In burn-induced heterotopic ossification,

inflammatory factors including TNF-a can promote osteo-
genesis of adipose-derived MSCs in burn-injured mice
[34]. The preceding research confirmed that fibrinogen and
fibrin degradation merchandise produce a seasoned inflam-
matory impact on VSMCs through inducing the production
of interleukin 6 (IL-6), TNF-q«, and inducible nitric oxide
synthase (iNOS) [35]. It has been shown that stromal cell-
derived factor 1 (SDF-1) is able to regulate cell traffic and
homing through chemokine receptor 4 (CXCR4), which
plays an essential role in the recruitment of MSCs to target
cells [36]. Altogether, these studies suggested that inflamma-
tory factors could regulate the activity of VW-S/PCs.

3.2. Cytokines and Peptides. Many cytokines regulate the
proliferation, migration, and differentiation of VW-S/PCs,
including growth factors, chemokines, hormones, and some
small molecules. Studies have shown that the migration of
VW-S/PCs induced by SMC-derived chemokine (C-X-C
motif) ligand 1 and chemokine (C-C motif) ligand 2 con-
tributes to the formation of neointima, which act by means
of CXCR2/Racl/p38 and CCR2/Racl/p38 signaling path-
ways [37]. In addition, sirolimus may stimulate the migra-
tion and differentiation of VW-S/PCs into SMCs through
extracellular  signal-regulated kinase (ERK)/epidermal
growth factor receptor/f-catenin signaling pathway [38].
VEGEF-A promotes the formation of new blood vessels by
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way of actively recruiting circulating EPCs [39]. VEGF-A
plays a key role in human MSC-mediated myocardial regen-
eration. Homocysteine (Hcy) may affect epigenetic regula-
tion of platelet-derived growth factor (PDGF) through
demethylation of its promoter region through PDGF depen-
dent signaling pathway, thereby stimulating proliferation of
VSMC:s [40]. This process may indirectly activate SMPCs
on the vascular walls. Typical Wnt signaling performs a vital
position in angiogenesis and regulation of EPCs viability.
Mitochondrial biogenesis and function in EPCs could be
mediated by Wnt signaling, which further reduced EPCs
stemness and promoted EPCs differentiation. This process
may contribute to pathologic vascular remodeling [41].
Platelet-derived microbubbles have been reported to pro-
mote EPCs proliferation by delivering TGF-f1 [42]. Nana
et al. found that HDL ApoAl analog peptide reverse D-4F
(Rev-D4F) might amplify the volume of EPCs by increasing
SDF-1a level and decreasing TNF-« level in peripheral blood
of C57BL/6] mice induced by high-fat diet. In addition,
EPCs dysfunction induced by TNF-a was partially restored
by stimulating phosphatidylinositol 3 kinase (PI3K)/AKT
signaling pathway [43]. In addition, previous studies have
reported that estrogen inhibits VSMCs osteogenic differenti-
ation in vitro and arterial calcification in vivo by promoting
autophagy [44], while in postmenopausal women with oste-
oporosis treated with estrogen, the mRNA expression of
estrogen receptor and alkaline phosphatase (ALP) increased,
suggesting that estrogen may have a significant effect on
osteoblastic differentiation of bone marrow MSCs in women
with osteoporosis [45]. The C3H/10T1/2 mesenchymal stem
cell line itself secretes cytokines, such as insulin-like growth
factor-1 (IGF-1), which help regulate tissue regeneration
[46]. Therefore, multiple cytokines are associated with
enhanced function in both circulating stem/progenitor cells
and VW-§/PCs.

3.3. Extracellular Matrix. The extracellular matrix (ECM) is
an intricate network of macromolecules with distinctive
physical, biochemical, and biomechanical properties, pro-
viding essential physical scaffolding for the cellular morpho-
genesis, migration, differentiation, and homeostasis [47, 48].
The main components of ECM consist of collagen, glycopro-
tein, elastic protein, amino glucan, and proteoglycans. ECM
may play an important role in maintaining the normal func-
tion of VW-S/PCs. Costa et al. reported that ECM, nearby
microenvironment parameters, and cell-cytokine interac-
tions are involved in controlling quiescence, self-renewal,
and differentiation of hematopoietic stem/progenitor cells
(HSPCs) [49]. In addition, the ECM-coated stents enabled
endothelial regeneration and inhibited neointimal growth,
which indicated that ECM coating effectively promoted the
adhesion and proliferation of EPCs and had selectively
opposite effects on SMCs [50]. Allen et al. have shown that
human EPCs and MSCs can form microvascular networks
in fibrin, type I collagen, and engineered peptide hydrogel
PuraMatrix within seven days in immunodeficient mice.
The results showed that ECM provides a suitable environ-
ment for human EPCs and MSCs to form new vascular net-
works [51]. VSMCs are uncovered to a range of mechanical

signals, inclusive stiffness, and stretching of vascular ECM,
which are concerned in the rules of VSMC contraction.
ECM softening performs a key position in the transforma-
tion of VSMCs from contractile to proliferative and gives a
conceivable goal for the therapy of VSMCs dysfunction
and aortic dissection disease [52]. Although few studies have
studied the direct regulation of ECM on VW-S/PCs, the effect
can be indirectly deduced by other cellular mechanisms.

3.4. Vasoactive Substances. Vasoactive substances, including
vasoconstrictors and vasodilators, are a group of secreted
mediators and other signaling molecules released by the tis-
sues [53]. The more obvious effect of these factors is that
they can act directly on vascular smooth muscle along with
blood circulation, including thromboxane A2 (TXA?2), hista-
mine, 5-hydroxytryptamine (5-HT), and bradykinin (BK)
[54]. It has been suggested that in vitro, histamine did not
stimulate proliferation of cultured SMCs by itself but
enhanced PDGF-induced cell proliferation through a mech-
anism impartial of H1 and H2 histamine receptors [55].
Moreover, Liu et al. verified that activation of 5-HT2BR
and f-arrestin2-based downstream signaling was key patho-
logical processes in neointimal formation, and 5-HT2BR
may additionally be an attainable goal for the therapeutic
intervention of vascular restenosis [56]. It has been well
demonstrated that resident VW-S/PCs could differentiate
into ECs and SMCs, contributing to intimal accumulation
during the process of vascular remodeling, such as neointi-
mal hyperplasia and atherosclerosis. Therefore, the vasoac-
tive substances might play an important role in the
mobilization, migration, and differentiation of VW-S/PCs,
thereby to regulate the vascular function.

4. Biochemical Signals in the
Microenvironment Affecting VW-S/PCs

VW-S/PCs play an important role in the pathological devel-
opment of various cardiovascular diseases through migra-
tion and differentiation. After being stimulated by vascular
injury, VW-S/PCs migrate to the intima and differentiate
into vascular cells to participate in the formation of neoin-
tima. It was reported that VW-S/PCs once activated were
mobilized to the site of injury or other lesions. During this
process, a variety of chemokines, chemokine structural ana-
logues, and downstream signals related to the activation of
paracrine cytokines contribute to the development or regen-
eration of VW-S/PCs [57]. Studies have revealed succes-
sively that many biochemical cues, such as ERK and PI3K/
AKT signaling, Racl/Cdc42 signaling pathway, and Wnt
and Notch signaling pathway, are involved in the regulation
of stem cell migration and differentiation under physiologi-
cal and pathological condition [57-60]. For example,
Dickkopf-3 (DKK3), a secreted glycoprotein, can activate
ERK1/2, PI3K/AKT, Racl, and RhoA signaling pathways
by binding to chemokine (C-X-C motif) ligand 7 (CXCR7),
to regulate the migration of Sca-1* vascular stem cells in the
vascular adventitia. Tissue-engineered vascular grafts loaded
with DKK3 can effectively endothelialize and recruit progen-
itor cells, thereby affecting vascular remodeling [58].



Furthermore, the elevated leptin in the vascular wall and cir-
culation after vascular injury could activate leptin receptor-
dependent STAT3-Racl/Cdc42-ERK-FAK signaling to
enhance the migration of Sca-1" progenitor cells and the for-
mation of neointima [59]. Recently, it was suggested that
MSCs could promote EPCs migration and vascularization
in tissue engineering structures by activating CXCR2-Src-
PKL/Vav2-Racl pathways [61]. In addition, macrophage-
derived matrix metalloproteinase 8 (MMP8) could promote
the differentiation of VW-S/PCs into SMCs through modu-
lating the activity of transforming growth factor-f (TGE-f5)
and metalloproteinase domain protein 10- (ADAMI10-)
Notchl signaling pathway to contribute to vascular injury
induced neointimal hyperplasia [57]. Collectively, the migra-
tion or differentiation of VW-S/PCs is a complicated pro-
cess, which is closely related to the regulation of
biochemical signals. Therefore, understanding the regulatory
mechanism involved in the migration and differentiation of
VW-S/PCs under pathological conditions is fundamental
for exploring the occurrence and development of related car-
diovascular diseases.

5. Organoid and Stem Cell Niche

Organoids are stem cell-derived 3D cell culture systems
which accurately mimic in vivo mature organ architecture
and associated tissue microenvironments. Organoids facili-
tate the systematic experimental manipulation to identify
and characterize stem cell niche interactions and uncover
new niche components [62]. As an emerging research model
in vitro, organoids have achieved major progress in recapit-
ulating morphological aspects of organs and personalized
precision therapy [63]. For many tissues, single resident
stem cells growing in vitro under appropriate 3D conditions
can produce products called organoids. These tissues sum-
marize much of the cellular composition and structure of
the organs in the body from which they derive, including
the formation of stem cell niches [62]. These organoids can
be derived from embryonic stem cells (ESCs), induced plu-
ripotent stem cells (iPSCs), or tissue resident adult stem
cells. In many cases, the stem cell niche, rather than the stem
cell itself, controls the fate of the cell. For example, Booth
et al. have shown that transplanting single neural stem cells
into the mammary gland microenvironment can reprogram
them into mammary epithelial cells of regenerative mam-
mary epithelial trees [64]. The use of organoid culture can
help identify important niche components and gain a deeper
understanding of how stem cell niche controls cell activity.
Sato et al. experimentally identified Paneth cells as key mem-
bers of the intestinal stem cell niche [65], which contain an
abundance of antimicrobial peptides and immunomodulat-
ing proteins to mediate intestinal stem cell renewal and
regeneration following homeostasis or injury. Such experi-
ments in other tissues will help identify cell types that consti-
tute the smallest ecological niche, the components necessary
for stem cell maintenance and tissue self-renewal. Addition-
ally, coculturing of pluripotent stem cells, MSCs, and ECs on
3D matrix is developing rapidly, forming a new model for
the evolution of vascularized organoids with blood perfusion

BioMed Research International

[63]. Therefore, the vascularization organoids are conducive
to composing a functional communication niche and exhibit
the physiological function comprehensively.

6. Conclusions and Perspectives

VW-S/PCs are a vital source of all sorts of vascular cells
needed to maintain, build, repair, and remodel blood vessels.
VW-S/PCs, therefore, play quintessential roles in the devel-
opment, normal physiology, and pathophysiology of numer-
ous diseases. There are many kinds of microenvironmental
factors that affect the function of VW-S/PCs. Microenviron-
mental factors might do not act on the vessels solely or
directly, but a variety of factors cooperate to regulate the
VW-S/PCs. The biochemical effects of many microenviron-
mental factors are dependent on background conditions,
and these factors may intersect to form a minimal structural
and functional unit that modulates homeostasis of VW-§/
PCs physiological function. Currently, the role of microenvi-
ronmental factors in the activation, mobilization, migration,
and differentiation of VW-S/PCs is largely unknown. More
research is needed to obtain a higher appreciation of the
physiological and pathological functions and potential
mechanisms of the surrounding microenvironment of
VW-S/PCs, which will help reveal the full therapeutic poten-
tial of VW-S/PCs in treating human diseases.
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