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Vascular endothelial cells, forming the inner wall of the blood vessels, participate in the
body’s pathological and physiological processes of immunity, tumors, and infection. In
response to an external stimulus or internal pathological changes, vascular endothelial cells
can reshape their microenvironment, forming a “niche”. Current research on the vascular
endothelial niche is a rapidly growing field in vascular biology. Endothelial niches not only
respond to stimulation by external information but are also decisive factors that act on
neighboring tissues and circulating cells. Intervention through the vascular niche is
meaningful for improving the treatment of several diseases. This review aimed to
summarize reported diseases affected by endothelial niches and signal molecular
alterations or release within endothelial niches. We look forward to contributing
knowledge to increase the understanding the signaling and mechanisms of the
vascular endothelial niche in multiple diseases.
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INTRODUCTION

The definition of niche originated from the ecological environment, representing the
environment and living habits for each species. In recent years, the concept of a “niche” has
been introduced into the medical field, especially the field of oncology (Rafii et al., 2016).
Metastatic tumors prefer certain tissue locations or niches for their growth and metastasis. The
microenvironment can be identified as a ‘niche’ as well. It is believed that the microenvironment,
namely, the “niche”, promotes the metastasis of cancer cells to specific nonadjacent organs
through the circulatory system. The microenvironmental “niche” is characterized by abnormal
glucose metabolism, disturbance of lipid metabolism, abnormal protein signaling molecule
secretion, and so on, providing a supportive microenvironment for inflammation,
immunosuppression, angiogenesis, vascular permeability, and lymphangiogenesis (Géraud
et al., 2014). These characteristics of niche comprise the preferred condition for tumor
metastasis. For example, exosomes derived from brain metastatic breast cancer and lung
tumors were rich in hyaluronic acid binding protein, which formed the premetastatic
ecological niche of the cerebrovascular endothelium and promoted tumor exosomes to brain
metastasis (Rodrigues et al., 2019). Colorectal cancer exosomal miR-25-3p promoted niche
formation of vascular endothelial to facilitate breast cancer metastasis by inducing vascular
permeability and angiogenesis (Zeng et al., 2018a). Interference in the tumor niche might
represent a potential therapy to make the niche uninhabitable for tumor cells (Friedman-Levi
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et al., 2021). In addition to oncology, in recent years, the idea of
the niche has attracted attention in central nervous,
cardiovascular, lung, inflammatory, and liver diseases.

A niche can be formed by any organ, tissue or cells, among
which the role of the vascular endothelial cell niche is the most
extensive. Blood vessels are formed by vascular endothelial cells,
mural cells, perithelial cells, and other cells that form protective
barriers and provide molecular nutrition (Psaltis et al., 2011).
Current findings indicate that vascular endothelial cells play a
special niche role that expand their original roles. For example,
under normal conditions, the vascular endothelial
microenvironment is a “harmful environment” for neutrophil
migration in the brain tissue. Even if a small amount of harmful
molecules stick to the vascular endothelial wall, it would not
penetrate the vascular endothelium, resulting in low efficiency of
recruitment and migration of harmful molecules (Nikolova et al.,
2007). In response to an external stimulus or internal pathological
changes, vascular endothelial cells reshape their
microenvironment, forming a “niche”, which support and
promote harmful cell recruitment to specific tissues from the
circulatory system. Thus, the vascular endothelial niche can only
be fully interpreted when its specific niche components and their
functions are well understood. Therefore, this review explores the
changes that occur in the vascular endothelial niche responsible
for pathologic changes. As a result, new vascular endothelial
intervention molecular therapies could be explored as potential
therapies for more diseases.

PART ONE: THE CONCEPTION AND
CONNOTATION OF VASCULAR
ENDOTHELIAL NICHE
In nature, amount species tend to occupy areas with certain
characteristics, such as the specific area composed of plant, soil,
and germs. Ecologists have developed the concept of a “niche” to
delineate the way that organisms adapt to their environment. A
“niche” is described as a constantly changing set within
environmental factors, which keep a specie long lives in
survival (Zhang C. D. et al., 2022). The internal essence for
“niche” might be addressed as a physical factor limit for the
adaptive environment, determining the extent of its geography or
habitat in general, whereas survival within this range depending
on competing resources with other species living there
(Rubalcaba et al., 2020). The concept of “niche” goes to the
heart of ecology--two critical components of “niche”: organisms
and environment. When the resources and environmental
conditions were changed by organisms, the organisms
themselves also underwent the changes (Hoshizaki et al., 2022).

The conception of “niche” is introduced from ecology to
medical field. The term “vascular niche” refers to the
established microenvironment around blood vessels, in which
endothelial cells, hemodynamic mechanical forces, stromal cells,
parenchymal cells, extracellular matrix molecules, or pericytes,
and smooth muscle cells contribute to the formation of blood
vessels. Thus, a mature blood vessel contains several cell
populations, all of which could contribute to the formation of

vascular niche. The environment of blood vessels affect its
differentiation, survival and proliferation, and even exert on
the adjacent cells or tissues or circulating cells (Ribatti et al.,
2021). Blood vessel endothelium composed of a thin layer of
epithelial cells, characteristic with flattened, polygonal, serrated
edges. Vascular endothelial cells form the lining of blood vessels
and also act as the interface between blood and other vascular
walls. Along the entire circulatory system, vascular endothelial
cells exist from the heart down to the smallest blood vessels
(Ferentinos et al., 2022). Vascular endothelial cells located
between plasma and vascular tissues, it could not only
complete the metabolism exchange between plasma and tissue
fluid, but also synthesize and secrete a variety of biological active
substances in order to ensure the normal contraction of blood
vessels and maintain the normal flow of blood.

The specific term “vascular endothelial niche” was defined as a
microenvironment that is generated by vascular endothelial cells
affects the behavior of adjacent cells or the internal circulatory
system like blood, circulating cells, etc. Since the vascular vessels
composed of variety cellular populations, like hemodynamic
mechanical forces, stromal cells, parenchymal cells,
extracellular matrix molecules, or pericytes, and smooth
muscle cells, there is relatively straightforward interaction
between vascular endothelial cells and adjacent cells of
vascular vessels. Stromal cells are the cells to assist
parenchymal cells to perform organ functions in specific
organ. Zhang et al.(2022) demonstrated that circANKRD36
regulated miR-599 and TGF-β signaling pathway to promote
endothelial mesenchymal transition in aortic valve stromal cells.
In Jackson’ paper (Jackson, 2022), endothelial cells activated
channels as transient receptor vanilloid family member 4
(TRPV4) channels, promoting intermediate and small
conductance Ca2+-activated K+ (IKCa and SKCa) to transmit
signaling molecules to smooth muscle via intercellular junctions,
which controlling the activity of smooth muscle or pericyte
contraction (Jackson, 2022). Therefore, endothelial ion
channels made a microcirculation and in body balance by
participating in cell-cell communication (Jackson, 2022).
Macromolecules secreted by cells into the extracellular stroma
form a complex network that supported tissue structure, called
extracellular matrix molecules, which regulated tissue genesis and
cellular physiological activities. Not just adjacent cells, vascular
endothelial cells had the functions on hemodynamic mechanical
forces. Embryo restricted transcription factor variant 2 (ETV2)
was instantaneously reactivated in mature human endothelial
cells, forming a perfusion plastic vascular plexus to facilitate
organ development and tumorigenesis (Palikuqi et al., 2020).

The term “niche” also own the characteristics of stem cells
(Li and Xie, 2005). The term vascular endothelial stem
indicated the physical and biochemical microenvironment
around blood vessel where endothelial cells, pericytes, and
smooth muscle cells organize themselves to form blood vessels
and release molecules involved in the recruitment of
hematopoietic stem cells, endothelial progenitor cells, and
mesenchymal stem cells (Abkowitz et al., 2003; Kopp et al.,
2005). Vascular endothelial stem form a reticular network that
supports the formation and the interaction within
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hematopoietic stem cells, endothelial progenitor cells, and
mesenchymal stem cells. Transmembrane adhesion
glycoproteins and chemokines participated in the migration
of hematopoietic stem cells and endothelial progenitor cells
from endothelial cells within specific niche in bone marrow
(Willert et al., 2003). The vascular endothelial stem niche
within bone marrow regulated stem cell mobilization,
proliferation, and differentiation by cell-cell
communication through the secretion of vascular
endothelial growth factor, fibroblast growth factor,
interleukins, transforming growth factor, platelet-derived
growth factor, and nitric oxide (Pasquier et al., 2020).

PART TWO: VASCULAR ENDOTHELIAL
NICHES AND DISEASES

The role of vascular endothelial niches is quite extensive. Vascular
endothelial niches can reshape their microenvironment, playing a
role in various diseases. In addition to tumors, which are the most
frequently reported niches in the literature, vascular endothelial
niches provide a supportive microenvironment for other diseases,
such as blood diseases, cardiovascular disease, central nervous
diseases, pulmonary pathologies, liver disease, and orthopedic
diseases. The changes of vascular endothelial niches in specific
diseases could be seen in Table 1; Figure 1.

TABLE 1 | The changes of vascular endothelial niches in specific diseases.

Diseases Specific diseases Changes in vascular
endothelial niches

Tumor diseases Glioblastoma (Sharma and Shiras, 2016; Ho and Shim,
2017).

Secretion of platelet derived growth factor and nitric oxide, and regulation of
notch, TGF-β, nitric oxide pathway, etc

Bone marrow cancer (Ribatti et al., 2014). Angiogenesis
Colorectal cancer (Zeng et al., 2018b). Alternations in tight junction proteins
Breast tumor (Ghajar et al., 2013). Secretion of platelet derived growth factor
Hepatocellular carcinoma (Yu et al., 2010). Hypoxia condition
Non-small cell lung cancer (Li et al., 2019). Release of inflammatory factors
Skin tumors (Beck et al., 2011). Secretion of vascular endothelial growth factor
Neck cancer (Zhang et al., 2014). Secretion of epidermal growth factor
Melanoma (Lai et al., 2012). The formation of channels
Tumor molecular growth and repair (Butler et al., 2010;
Singhal and Augustin, 2020).

Secretion of angiocrine factors

Bone tumor metastasis (Singh et al., 2019). Secretion of angiocrine factors

Blood diseases Aplastic anemia (Wu et al., 2017). Secretion of vascular endothelial growth factor
Abnormal hematopoiesis (Hochstetler et al., 2019). Genetic alternation
Coagulation (Nguyen et al., 2018). Blood coagulation
Acute T cell leukemia (Pitt et al., 2015). Secretion of chemokines
Acute myeloid leukemia (Cogle et al., 2014). Upregulation of CD105

Organ repair Organogenesis and regeneration (Ribatti et al., 2021). Angiogenesis
Organ repair and healing (Rafii et al., 2016). Secretion of angiocrine factors

Cardiovascular diseases Atherosclerosis (Poller et al., 2020). Secretion of chemokines and regulation of notch pathway
Myocardial infarction (Zhang et al., 2012). Secretion of vascular endothelial growth factor
Heart failure (Qian et al., 2008). Angiogenesis

Central nervous system
diseases

Central nervous system injury (Madri, 2009). Hypoxia condition
Neurogenesis (Ohab et al., 2006). Secretion of vascular endothelial growth factor
Blood-borne meningococci (Capel et al., 2017). Angiogenesis

Pulmonary diseases Alveolar Development (Mammoto and Mammoto, 2019). Secretion of angiocrine factors
Pulmonary fibrosis (Andersson-Sjöland et al., 2016). Release of inflammatory factors

Liver diseases Hepatic fibrosis (Cao et al., 2017). Genetic alternation
Liver regeneration and fibrosis (Ding et al., 2014; Shido et al.,
2017).

Secretion of angiocrine factors

Liver development (Géraud et al., 2017) Genetic alternation

Orthopedic diseases Osteogenic differentiation (Tsai et al., 2015). Secretion of angiocrine factors
Osteogenesis (Owen-Woods and Kusumbe, 2022). Angiogenesis, hematopoiesis, and osteogenesis
Bone vasculature (Kumar et al., 2021). Secretion of platelet derived growth factor, vascular endothelial growth factor,

chemokines, inflammatory factors, and angiogenesis, etc.

Other diseases Fat development (Hussain et al., 2021). Alternations in tight junction
Pancreatic beta cells development (Lui, 2014). Secretion of vascular endothelial growth factor
Tissue aging (Chen et al., 2021a). Alternations in tight junction
Endocrine system aging (Chen et al., 2021b). Genetic alternation
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FIGURE 1 | Vascular endothelial niches and diseases.

FIGURE 2 | The mechanism within the vascular endothelial niche.
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PART THREE: CHANGES IN VASCULAR
ENDOTHELIAL NICHES
Alternations in Tight Junction Proteins in
Vascular Endothelial Niches
Tight junctions exist between vascular endothelial cells and
epithelial cells often present as a continuous belt connecting
adjacent cells closely together, forming a natural physical
barrier between cells. Tight junctions are categorized as
physical barriers to the vascular endothelial niche they
surround. Linear shape along the junctions was reduced with
less distinct connections in response to external and internal
stimulation, with weaker tight junction protein signal intensity
and volume (Lv and Fu, 2018). Colorectal cancer cells secreted
exosome miR-25-3p, which targeted vascular endothelial growth
factor (VEGF) receptor 2, zonula occludens 1, occludin, and
claudin five on endothelial cells to induce vascular permeability
and angiogenesis, forming a premetastatic niche for colorectal
cancer metastasis (Zeng et al., 2018a). Additionally, in Lyl1−/−

mice, adipose stem cell vascular niche impairment led to
decreased pericyte coverage with loss of vascular endothelial
(VE)-cadherin and zonula occludens 1, resulting in premature
adipose stem cell vascular niche depletion (Hussain et al., 2021).

Release of Adhesion Molecules From
Vascular Endothelial Niches
Factors expressed by endothelial cells mediate the effects of
vascular endothelial niches. Cellular adhesion molecules
mediate contact and binding between cells and the
extracellular matrix. Adhesion molecule function results in
cell-to-cell adhesion, cell-to-matrix adhesion, or cell-to-matrix
adhesion by virtue of receptor–ligand binding. Adhesion
molecules expressed within the vascular endothelial niche are
involved in defense functions, inflammation, and tumor
metastasis (Cheng et al., 2021). Adhesion molecules are
divided into the integrin family, selectin family,
immunoglobulin superfamily, and cadherin family according
to their structural characteristics. In addition, some adhesion
molecules have not yet been classified. Cadherin, selectin, and
other adhesion families have been primarily reported to be
involved in vascular endothelial niches (Cheng et al., 2021).

Cadherins comprise a family of calcium-dependent adhesion
molecules. Endothelial cadherin is a major protein involved in
vascular remodeling and vascular integrity. Expression of various
adhesion molecules at high levels on the endothelium during
inflammation established a premetastatic niche that lead to the
recruitment of bone marrow precursors (Grigoryeva et al., 2020).
Sphingosine-1-phosphate induced key adhesion proteins of VE-
cadherin in pericytes that offset the drastic increase in vascular
permeability, highlighting the importance of pericyte-endothelial
interactions for vascular stabilization (AbdelRahman et al., 2021).
Activation of high p53 expression by VE-cadherin in vascular
endothelial cells induced a reduction in the number of
perivascular mesenchymal stromal cells around hematopoietic
stem cells, promoting hematopoietic stem cell aging and
transformation (Si et al., 2018). Brain endothelial cells directly

interacted with matriptase in the neural stem cell vascular niche
to induce endothelial signaling that is sensitive to cholera toxin
(Tung and Lee, 2017). Members of the selectin family recognized
and selectively bound specific glycosylates, primarily mediating
recognition and adhesion between leukocytes and vascular
endothelial cells. The selectin family consisted of L-selectin,
P-selectin, and E-selectin, which were mostly expressed on the
surface of leukocytes, endothelial cells, and some tumor cells.
Combination therapy with the selectin inhibitor GMI-1271 and
imatinib prolonged survival in chronic myelocytic leukemia mice
by reducing the contact time between leukemia cells and bone
marrow endothelial cells (Godavarthy et al., 2020). Blockade of
the adhesion molecule E-selectin, which was expressed
exclusively by bone marrow endothelial cells, inhibited
hematopoietic stem cell proliferation, self-renewal, and
chemoresistance (Winkler et al., 2012). In addition to classic
adhesion molecules, other adhesion molecules, such as junctional
adhesion molecules, mediated endothelial progenitor cells during
tube formation in the perivascular niche to reduce their adhesion
to the tumor endothelium in vivo (Czabanka et al., 2020).

Secretion of Chemokines From Vascular
Endothelial Niches
The critical function of chemokines is to manage the migration of
hemameba to their specific position during equilibrium process
when the process goes disease disorders. Chemokines directionally
induce chemotaxis of nearby reactive cells through promoting
proliferation of vascular endothelial cells and angiogenesis (Li et al.,
2022). Vascular endothelial cells, chemokine (C-X-C motif) ligand
12 (CXCL12)-rich reticular cells, and mesenchymal stromal cell-
regulated chemokines, cytokines, and cell surface adhesion
molecules have been identified as microenvironmental cells in
neoplastic hematopoiesis (Kaushansky and Zhan, 2018). CXCL12,
localized within endothelial cells in the spleen niche, contributed to
attracting differentiating hematopoietic cells to facilitate
erythroblastic accumulation (Miwa et al., 2013). CXCLL2
deletion from the vascular endothelial vascular niche in T cell
acute lymphoblastic leukemia impeded tumor growth (Pitt et al.,
2015). The chemokine CXCL6 promoted angiogenesis to remodel
the arteriolar niche in acute myeloid leukemia (Li et al., 2021).

Vascular Endothelial Niches Facilitate
Angiogenesis
a) Vascular endothelial cells can form channels in the blood

vessel niche to facilitate invasion of molecules into specific
tissues or organs. Under normal circumstances, vascular
endothelium has its specific morphology and process
unabnormal hyperplasia (Tracy et al., 2022). The research
has uncovered that when body undergone disruption with
tumor or inflammation, vascular endothelial cells proliferated
to form a new vascular channel morphology. Endothelial cells
in contact with glioblastoma stem cells form channels in the
vessel niche to facilitate macrophage invasion into
glioblastoma (Schiffer et al., 2018). RNAi-mediated
attenuation of CD133 weakens CD144 (VE-cadherin) (+)
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melanoma cells, resulting in the formation of vessel-like
channels and comprising the driving force for melanoma
tumor growth (Lai et al., 2012).

b) Platelet derived growth factor (PDGF) is an alkaline protein
stored in platelet α particles under normal physiological
condition, while released and activated by disintegrating
platelets during blood coagulation. It has the biological activity
of stimulating chemotaxis and growth of specific cells (Luo et al.,
2022). When suffered a severe injury of tissues, macrophage,
vascular smooth muscle cells, fibroblasts, endothelial cells, or
embryonic stem cells could also synthesis and release PDGF,
exerting the function of chemotactic activity, division, phosphate
enzyme activation, or prostaglandin metabolism. In a strong
adhesion state, endothelial derived thrombospondin 1 gave rise
to integrin aggregation and ligand integrin affinity modification.
Endothelial derived thrombospondin 1 induced the activation of
transforming growth factor β1, and periostin sustained a dormant
niche for breast cancer cell quiescence (Ghajar et al., 2013).
Thrombospondin 1 combound with hepatocyte growth factor,
and laminins derived from islet endothelial cells played a critical
role in the vascular endothelial niche in maintaining β-cell
function and growth (Olerud et al., 2009).

c) VEGF is a highly specific growth factor involved in promoting
vascular permeability, extracellular matrix degeneration,
vascular endothelial cell migration, proliferation, and
vascular formation (Lai et al., 2022). Given its critical role
in mediating angiogenesis, VEGF is involved in the
pathogenesis and progression of many angiogenesis
dependent diseases, including cancer, inflammatory
diseases, and diabetic retinopathy. Inhibition of VEGF stem
cells residing in vascular endothelial niches might effectively
prolong the survival period in ependymoma cancer
(Nambirajan et al., 2014). Tumor-derived VEGF created a
perivascular niche for stimulating cancer stemness and
renewal through angiogenesis in a paracrine manner (Beck
et al., 2011). VEGF activated endothelial cells to create the
vascular niche, which enabled leukemic cells to proliferate at a
higher rate and increased leukemic adherence to endothelial
cells (Poulos et al., 2014). Angiogenesis and the expression of
Akt-mediated angiogenic cytokines in R2 porcine hearts
induce niches beneficial to cardiac repair (Zhang et al.,
2012). VEGF influenced the vascular niche by regulating
angiogenic factors that promoted the development of
pancreatic beta cells (Lui, 2014). VEGF- and brain-derived
neurotrophic factor mediated crosstalk between neural stem
cells and endothelial cells to mold the neurovascular niche
causing powerful blood vessel formation and maintenance (Li
et al., 2006). Helium preconditioning promoted angiogenesis
by elevating the mRNA and protein expression of VEGF and
angiopoietin 1 to improve the focal neurovascular niche in a
neonatal rat hypoxia/ischemia brain injury model (Li et al.,
2016). Other growth factors were more involved in central
nervous system diseases. Growth differentiation factor 11
enhanced neurogenesis, maintaining the integrity of the
cerebrovascular niche in response to the changes that
occurred during aging (Katsimpardi et al., 2014). The
interaction between neurogenesis and angiogenesis was

related to angiogenic matrix derived factor 1 and
angiopoietin 1, which promoted neuroblast migration and
behavioral recovery after stroke (Ohab et al., 2006).

Inflammation and Oxidative Stress on
Vascular Endothelial Niches
Dysfunctional vascular endothelial cells could promote the
aggregation of inflammatory factors (Yamagata, 2019), while
endothelial oxidative stress could also cause inflammatory
responses to vascular endothelial cells (Marchio et al., 2019),
the inflammatory factors and oxidative stress reinforcing each
other. The protein kinase CK2 was involved in the perivascular
resistant niche stimulation under ionizing radiation, while
secreting the cytokines interleukin 8 (IL-8) and IL-6, leading
to resistance to radiation in non-small cell lung cancer cells (Li
et al., 2019). Endothelial cell derived IL-6 activated the IL-6
receptor and signal transducer and activator of transcription 3,
promoting self-renewal of dental pulp stem cells (Oh et al., 2020).
A three dimensional model of endothelial cells and cancer stem
like cells generated the conditional niche through elevated levels
of the IL-8 and IL-8 homologous receptors CXCR1/2, which
enhanced the migration, growth, and dryness characteristics of
cancer stem-like cells (Infanger et al., 2013). Extracellular
proteins from endothelial cells, such as IL-23, IL-17ɑ,
dipeptidyl peptidase-4, and recombinant cystatin 3, organized
the prometastatic molecular response in regeneration potentiated
melanoma (Prakash et al., 2019). Pericytes could increase
adenosine, nitric oxide, IL-10, TGF-β1 (Transforming growth
factor beta 1), and MHC-II (Major histocompatibility complex-
II) levels, which participated in melanoma cell extravasation
(Caporarello et al., 2019). The reactive oxygen species-induced
endothelial niche might play an important role in the
development of pulmonary fibrosis via the regulation of
pericytes and Wnt signaling (Andersson-Sjöland et al., 2016).
High nitric oxide activity was observed in the tumor vascular
endothelium adjacent to perivascular glioma cells and promoted
stem-like characteristics in glioma cells (Charles et al., 2010).

The Hypoxic Niche of Vascular Endothelial
Cells
Several hypoxia genes stabilize the internal environment of cells
under hypoxia conditions to adapt to hypoxia condition (Jing
et al., 2022), while they are involved in many physiological and
pathological environments, such as placental development,
tumor development, and metastasis. Hypoxia directly damages
endothelial cells by destroying the cytoskeleton and intercellular
connections, as well as disrupting metabolic and synthetic
function, increasing the permeability of endothelial cells. The
hypoxic niche of vascular endothelial cells promoted stemness
maintenance and tumor propagation in cancer stem cells (Turpin
et al., 2015). HIF-1 alpha (Hypoxia inducible factor 1 subunit
alpha) mediated responses to hypoxia in central nervous system
neurovascular niches inducing several signaling molecules,
including BDNF (Brain derived neurotrophic factor), VEGF,
and stromal cell-derived factor 1, which were involved in
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orchestrated angiogenesis and neurogenesis (Madri, 2009).
Hypoxic and highly angiogenic areas formed a resulting niche
of endothelial progenitor cells, while this particular niche might
be related to liver cirrhosis (Yu et al., 2010).

Genetic Alternations in Vascular Endothelial
Cells
Several gene alterations in vascular endothelial genes also affect
the function of vascular endothelial cells as an ecological niche.
Jagged2 (Jag2) was identified as a ligand of Notch receptor in
multiple myeloma patient origin specimens. A lack of Jag2 in the
perisinusoidal endothelial niche accelerated aging of
hematopoietic stem cells (Saçma et al., 2019). JAK2V617F
have shown high mutation rate in myeloproliferative disorders.
Endothelial cells with the JAK2V617F mutation was an essential
component of the hematopoietic vascular niche and was involved
in the pathogenesis of myeloproliferative neoplasms (Lin et al.,
2018). Endothelial cells with the kinase mutation JAK2V617F
exhibited upregulated expression of CXCL12, and stem cell
factors promoted clonal expansion in myeloproliferative
neoplasms (Zhan et al., 2018b). Among the subtypes of gene
KRAS, KRAS G12D is a common submutation, found in
colorectal cancer, pancreatic cancer, and non-small cell lung
cancer. Specifically, oncogenic KRas G12D mutations in adult
endothelial cells significantly increased leukocytes and bone
marrow cells in the blood of mice (Hochstetler et al., 2019).
Ephrin receptors make up the largest subgroup of the receptor
tyrosine kinase family, the protein encoded by ephrin type-B
receptor 4 (EPHB4) plays an essential role in vascular
development. EphB4 in the forebrain neurogenic niche
participated in the process of vascular, molecular and
structural remodeling (Colín-Castelán et al., 2011). Hepatocyte
growth factor (HGF) was discovered as a substance that
stimulated the proliferation of liver cells. HGF knockout mice
displayed abnormally upregulated perivascular NOX4 expression
near endothelial cell-induced niches, which promoted
regeneration of mouse and human parenchymal cells in
damaged organs (Cao et al., 2017). GATA Binding Protein 4
(GATA4) is an important transcription factor in the regulation of
gene expression. Deletion of the transcription factor GATA4 in
liver sinusoidal endothelial niches caused liver hypoplasia,
fibrosis, and impaired colonization by hematopoietic
progenitor cells through angiocrine factors (Géraud C. et al.,
2017). Receptor activity modifying proteins serve as oligomeric
modulators for numerous G-protein coupled receptors.
Conditioned knockout of mouse endothelial receptor activity
modifying protein 2 facilitated pulmonary endothelial cellular
deformation and inflammatory infiltration to mediate the
formation of premetastatic niches that ultimately promoted
tumor metastasis (Tanaka et al., 2016).

Others Changes in Vascular Endothelial
Niches
The platelet reactive protein family is a group of structurally
related secreted proteins that are widely distributed in the

extracellular matrix of various tissues and inhibit angiogenesis.
The β mural PDGF receptor was subsequently reprogrammed
into NeuN+ local interneurons to hasten neurogenesis (Farahani
et al., 2019). Notch signaling activated PDGF receptor-β positive
perivascular cells, leading to the expansion of hematopoietic stem
cell niches in bone (Kusumbe et al., 2016). Several signaling or
bioactive molecules were secreted by endothelial cells in
peripheral or local tissues. Capillary endothelial cells supplied
paracrine factors, called angiocrine factors, to adjacent cells in the
niche to orchestrate these processes. Endothelial cells regulated
hematopoietic stem cell maintenance and regeneration of organ-
specific stem cells through endothelial cell-derived paracrine
factors (Sasine et al., 2017). Additionally, activation of
endothelial cells or endoglin indicated a change in the vascular
endothelial niche. Endothelial progenitor cells secreted
proangiogenic factors to participate in angiogenesis,
particularly under ischemic conditions (Yan et al., 2017).
Upregulation of CD105 was associated with activated
endothelium, affecting vascular tissue associated acute
myelocytic leukemia cells and interactively affecting each other
(Cogle et al., 2014). Runt-related genes in the vascular niche
revealed that the vascular niche regulated the engraftment of
acute myeloid leukemia cells in the bone marrow, influencing the
overall survival of leukemic mice (Morita et al., 2018). Soluble
amyloid precursor protein from endothelial cells triggered
vascular niche functions that negatively regulated growth and
restricted the number of neural stem cells in the subventricular
zone (Sato et al., 2017).

DISCUSSION

The vascular endothelial niche is a potential decisive and limiting
factor for many pathological processes. Vascular endothelial
niches have experienced dynamic changes during the
psychological process between health and disease condition. In
the health condition, vascular endothelial cells maintained the
basic function of blood vessels. Although vascular endothelial
cells were considered as passive conduits, progress in vascular
endothelial niches research now suggested that vascular
endothelial cells were actively involved in the
pathophysiological processes of body. The cells of the vascular
endothelial cells, are rather active multifunctional team players
that could mutually interact with neighboring and circulating
cells in complex disease condition. However, there have been few
reports exploring the development of diseases from the
perspective of the vascular endothelial niche. In the past, a
variety of techniques and models have been used to explore
the influence of the vascular endothelium on tissues and their
related diseases. Using the co-culture system, isolated endothelial
cells or blood vessels were found to affect the proliferation and
differentiation of other cells and tissues (Shen et al., 2004;
Wurmser et al., 2004). Alternatively, vascular endothelial
conventional conditional knockdown mice could be used as
facilitating devices (Singhal et al., 2021a). Tumor-derived
exosomes were additionally added to endothelial cells to
investigate their functions in branching and inflammation
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within the perivascular niche (Rodrigues et al., 2019). Single-cell
transcriptomics has been recently applied to trace cell–cell
communication within the vascular endothelial niche (Singhal
et al., 2021b). Additionally, 3D microfluidic chips have been
employed to simulate the microenvironmental characteristics of
niches (Zheng et al., 2021).

Vascular endothelial cells are not simply a large group of
identical cells, and the phenotypes of endothelial cells exhibit
obvious heterogeneity. Vascular endothelial cells from different
species and with diverse diameters have disparate phenotypes
with respect to their structure, function, and surface molecules.
The heterogeneity of endothelial cells is manifested in cell
morphology, function, gene expression, antigen synthesis, and
niches. The mechanism of heterogeneity might be related to
internal factors of cellular gene modification or external
factors induced by the extracellular microenvironment. It has
been found that the intrinsic factors of endothelial cell
heterogeneity are related to the modification of site-specific
genes, which regulate the lineage differentiation and formation
of endothelial cells. Stolz and Sims-Lucus (Stolz and Sims-Lucas,
2015) believed that endothelial cells in different arteries, or even
endothelial cells in different positions within the same artery,
exhibiting both partially overlapping and distinct molecular
profiles. Chi (Chi et al., 2003) indicated that 14 different loci
of arteriovenous endothelial cells and microvascular endothelial
cells were found to exhibit heterogeneity in the expression of
various genes related to cell function using DNA microarray
technology. Microenvironmental factors are external factors
regulating the maintenance of endothelial cell specificity, and
when the cell microenvironment changes, the cell phenotype also
changes accordingly. Microenvironmental factors include both
biomechanical signals and biochemical signals. Biomechanical
signals comprise shear force and tension of blood flow, while
biochemical signals include growth factors, cytokines, hormones,
nucleosides, complement, lipoproteins, and extracellular matrix
components.

Because vascular tissues are distributed throughout the body,
the vascular endothelium acts as the lining of the vascular niche

of the body. Vascular endothelial cells can sense and respond to
external environmental signals, triggering a series of nonlinear
response processes that ultimately lead to posttranscriptional
modification or expression changes in genes (Figure 2). With
respect to vascular endothelial cells in tissues that cannot be
easily obtained, similar cells or tissues could be obtained
through heterogeneity stimulation experiments, which is
conducive to understanding and diagnosing the pathological
mechanisms of various diseases.

CONCLUSION

Given that the vascular niche is involved in multiple diseases,
biomarkers in the vascular endothelial niche may serve as targets
for therapy in various diseases. By predicting biomarkers in the
vascular endothelial niche in advance, the threshold of disease
intervention could be moved forward, providing targeted
prevention and treatment for disease intervention. Vascular
endothelial cells might represent a new breakthrough point for
diseases, especially drug therapy targeting specific sites of blood
vessels, exhibiting good clinical prospect applications.
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