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Organ-specific somatic stem cells play an important role in supporting tissue turnover and facilitating regen-
eration on injury. Hematopoietic stem cells are one of the most established organ-specific somatic cells that
have been frequently used for transplantation therapy. Recently, there has been a growing interest in other
organ-specific somatic cells, including vascular endothelial stem cells (VESCs). We have previously reported
on the use of CD157 and CD200 as markers to isolate VESCs from adult mouse organs, particularly the liver.
In this review, we aimed to summarize, based on our previous research, how CD157⁺CD200⁺ VESCs in the
liver develop from the fetal stage to postnatal life, what transcriptional regulatory mechanisms govern them,
and how VESCs change with aging. © 2025 The Author(s). Published by Elsevier Inc. on behalf of Interna-
tional Society for Experimental Hematology. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/)
HIGHLIGHTS

� Fetal CD157-CD200+ endothelial cells (ECs) are highly prolifer-
ative and give rise to adult CD157+CD200+ ECs.

� Aging reduces the number of CD157+CD200+ ECs and impairs
their colony-forming capacity and reconstitution ability upon
transplantation.

� Enhanced inflammatory responses contribute to the aging of
CD157+CD200+ ECs.

INTRODUCTION

The integrity of each organ is maintained by organ-specific somatic
stem cells [1−11]. However, such cells have not been isolated from
all organs. This partly arises from the difficulty of defining a cell frac-
tion, considered stem cells, as actual stem cells, even if such a fraction
is discovered. In the field of stem cell biology, the term “stem cell”
must first meet the criteria of maintaining an undifferentiated state
and having the ability to produce identical undifferentiated cells
through self-renewal [12−14]. This includes symmetric cell division,
where both daughter cells remain as stem cells, as well as asymmetric
cell division, in which one daughter cell remains a stem cell whereas
the other differentiates [15,16].

Another essential criterion for defining stem cells is their differenti-
ation potential. Stem cells must occupy the apex of a cellular
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hierarchy, continuously generating various organ-specific cells [17]. To
meet these two criteria, experimental techniques must demonstrate
that a single transplanted cell, defined as a stem cell, persists in the
recipient organ over the long term, ideally increasing in number
through self-renewal [18−20]. Moreover, as the ultimate condition, it
must be shown that these candidate stem cells derived from the first
transplantation can function as the apex of the hierarchy when trans-
planted into a secondary recipient [21].

Of the cell fractions identified as stem cells in various organs, only
hematopoietic stem cells (HSCs) have met the ultimate conditions
described above and have long been used in transplantation therapy
[22,23]. HSCs have the advantage of being easily collected from their
niche, the bone marrow, making them highly accessible as material
for basic research, which has significantly advanced the study of these
cells [24,25].

Other types of stem cells, such as neural, intestinal epithelial, and epi-
dermal stem cells, have been studied over the past two to three deca-
des [1,5,11]. In contrast, however, their specific localization in niches,
such as the hippocampus, crypts, and bulge regions, respectively, has
made it challenging for most researchers to readily dissociate organs,
prepare single-cell suspensions, and analyze cellular functions. Recently,
the establishment of research techniques, such as organoid culture, has
allowed for greater progress in the study of intestinal epithelial stem
cells compared with other stem cell niches [26,27]. Nonetheless, these
cells have not yet become a widely utilized tool of research.

Our research group has long focused on isolating vascular endo-
thelial stem cells (VESCs) that exist within pre-existing blood vessels
0301-472X/© 2025 The Author(s). Published by Elsevier Inc. on behalf of Interna-
tional Society for Experimental Hematology. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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and that do not originate from the bone marrow. This focus is based
on studies we have conducted treating angiogenesis induced by
HSCs [28] and, conversely, the formation of HSC niches by blood
vessels as interorgan interactions [29].

In addition to these studies, we have reported, for example, that
HSCs under specific conditions transform into pericyte-like cells, con-
tributing to the transient stabilization of immature blood vessels [30].
We have also demonstrated that blood cells act as migratory factors,
triggering the sprouting of new blood vessels from pre-existing ones
within tumors [31]. Moreover, we have elucidated the mechanism
behind the parallel alignment of arteries and veins, showing that neu-
trophils induce this parallelism through the apelin/apelin receptor sig-
naling pathway [32].

Based on the finding of such close relationships between blood
cells and vascular endothelial cells (ECs), we hypothesized that, just
as HSCs exhibit a hierarchical differentiation system, a hierarchy
might also exist within pre-existing blood vessels with VESCs at their
apex. Thus, we have been investigating whether VESCs exist within
pre-existing blood vessels.

Initially, we discovered heterogeneity in ECs within pre-existing
blood vessels, particularly in their proliferative capacity. Highly prolif-
erative ECs were predominantly observed among side population
(SP) cells, which exhibit high expression of ABC transporters. These
cells rapidly efflux the Hoechst dye, rendering them unstained by it.
Conversely, main population (MP) cells that retained Hoechst dye
rarely included ECs with high proliferative capacity. Endothelial SP
cells were found in organs other than the bone marrow and demon-
strated high proliferative activity [33−36].

When endothelial SP cells isolated from skeletal muscle were trans-
planted into muscle showing ischemia by femoral artery ligation in
mice, they contributed to the ECs of all blood vessels across several
millimeters, forming long-lasting vessels [35]. Similarly, when endo-
thelial SP cells derived from the liver were transplanted into a liver
injury model in mice, they induced continuous vascular formation
and contributed to ECs of the portal vein, hepatic vein, and sinusoidal
vessels [37].

Although SP cells differentiated into MP cells, reisolating SP and
MP cells from ECs derived from SP cells and serially transplanting
them showed that only SP cells retained the ability to reconstruct
blood vessels [35,37]. This finding indicated that SP cells occupy the
top of the differentiation hierarchy. However, the transition from SP
to MP cells might simply reflect a change in EC status from drug-
efflux capability to noncapability.

To address the phenotypical hierarchy of ECs, we analyzed differ-
entially expressed genes between SP and MP cells. Through this anal-
ysis, we found that vascular ECs expressing both CD157 and CD200
—cell surface glycoproteins—represent the apex of the hierarchy and
are the true VESCs [37−39]. Here, we discussed our previous find-
ings regarding the origin of CD157⁺CD200⁺ ECs and the molecular
mechanism regulating their development. We also discussed the
decline in functionality associated with aging.
OVERVIEW OF EARLY EC DEVELOPMENT

To understand how CD157⁺CD200⁺ ECs develop in the liver, it is
essential to look at the earliest stage of EC development. Hemangio-
blasts (Etv2⁺ cells), which are the common precursors to both endo-
thelial and hematopoietic lineages, were first identified in mice at
embryonic day (E) 7.0−7.5 [40]. Single-cell RNA sequencing
(scRNA-seq) from the endoderm, associated mesoderm, and liver
buds showed that hematopoietic cells were derived from hemangio-
blasts after the activation of transcription factors (TFs) Runx1 and
Gata1 around E7.5 [41−43]. In the comparison, ECs follow an inde-
pendent differentiation trajectory characterized by the upregulation
of genes, including Cdh5, Pecam1, and Cd34, around E8.75. ECs also
expressed TFs associated with angiogenesis and mechanosensitive
ion channels, such as Klf2/4 and Piezo1/2, respectively [43]. Other
scRNA-seq data from Sox17-expressing lineages at E9.0−9.5 revealed
at least 3 transcriptionally distinct EC subtypes. EC1 (Clec1b and
Nid2) was enriched for mitosis-associated TFs, such as Ccnb2 and
Tuba1c, and has the potential to transition into hemogenic endothe-
lium (Cd44 and Igfbp5). EC2 was a nonhemogenic endothelium, pre-
dominantly in the S phase of the cell cycle, enriched in the
expression of Hist1h1b and Hist1h2ae. EC3 (Hoxa9 and Hoxb7) is
believed to be derived from the yolk sac as it expressed Hspd1, a
gene necessary for yolk-sac erythropoiesis. This population was
described as a bipotent progenitor that can give rise to either EC2 or
erythroid cells (Gypa and Alas2) [44] (Figure 1).

The liver vasculature begins to develop within the liver bud at E8.5
−E9.0 through the infiltration of progenitors from the adjacent vascu-
lature [45]. Histologically, LSECs are first observed around E9.5
−E10.5, but transcriptional divergence from ECs toward LSECs can
be detected as early as E8.75. This transition is characterized by the
upregulation of sinusoidal-specific genes, including Oit3, Lyve1, and
Stab2 [43,46]. Multiple sources may contribute to LSEC develop-
ment, including the vitelline and posterior cardinal veins, sinus
venous-derived NFATC1⁺/NPR3⁻ progenitor cells, and CSF1R⁺ ery-
throid−myeloid progenitors [47−49]. Along with LSECs, portal and
hepatic veins also expand around E11.0, with hepatic veins arising
from vitelline veins and posterior cardinal veins, although portal veins
originate from the vitelline veins [45,50].

CD157⁻CD200⁺ ECs as a Stem Cell-containing Fraction During
Late-Stage Fetal Liver Development

The stem-like properties of mid-fetal liver macrovascular ECs and
LSECs seem to be associated with CD34 expression. Liver EC scRNA-
seq analysis indicated that both macrovascular ECs and LSECs, includ-
ing proliferating ECs, expressed CD34 until approximately E12 [51].
SCL-PLAP+VeCad+CD45- cells from E12 fetal liver were also reported
to have long-term endothelial (LTR-EC) reconstitution activity on trans-
plantation into neonatal mice. This population expressed CD31, Tie2,
Flk1, and CD34, lacked the expression of the hematopoietic receptor
Mac-1, and was mostly composed of Lyve1+ LSECs [52].

At E14, almost 90% of VeCad+CD45- cells were Lyve1+LSECs,
but the LTR-EC activity was greatly reduced compared with E12
[52]. Transcriptionally, at E14, most of the LSECs had lost CD34
expression, although most macrovascular ECs remained CD34⁺ and
began expressing CD200 [51,53]. CD200⁺ ECs gradually expanded
in number throughout late fetal development and, by E18, were
widely distributed across portal, hepatic, and vitelline/umbilical veins.
After birth, the vitelline/umbilical vein regressed, limiting CD200
expression to the portal vein, hepatic vein, and the newly established
hepatic artery. In adulthood, CD200⁺ ECs dominated these vascular
regions as their population expanded [53].

Colony-forming assays showed that both CD200⁺ and CD200⁻
ECs possessed high proliferative capacity on embryonic day E18, sug-
gesting the presence of endothelial stem/progenitor cells within both



Figure 1 During early embryonic development, hemangioblasts give rise to two distinct trajectories: hematopoietic and endothelial
cell lineages. Although all endothelial cells (ECs) express common endothelial markers, they can be transcriptionally divided into at
least 3 subtypes: EC1 and EC2 are derived from hemangioblasts whereas EC3 is believed to migrate from extraembryonic tissues.
Both EC1 and EC3 have the potential to transition into hematopoietic lineages, giving rise to hemogenic endothelium and erythroid
cells, respectively. Liver sinusoidal endothelial cells (LSECs) are thought to emerge from a common EC progenitor. Created with Bio-
Render.com.
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populations. CD200⁺ ECs had a significantly higher colony-forming
capacity, with endothelial colony-forming cell (ECFC) frequencies
detected at 1 in 8 cells for CD200⁺ ECs, but only 1 in 62 cells for
CD200⁻ ECs. After birth, CD200⁻ ECs significantly lost their prolifer-
ative potential, with an ECFC frequency of 1 in 748 by postnatal day
7 (P7) and an inability to form colonies. In contrast, CD200⁺ ECs
exhibited a gradual decline in proliferation following the emergence
of two subpopulations, CD157⁺CD200⁺ and CD157⁻CD200⁺,
marked by the onset of CD157 expression. By P21, only 1 in 133
CD157⁻CD200⁺ cells retained ECFC characteristics, forming fewer
and smaller colonies [53] (Figure 2).

Transplantation experiments demonstrated that CD200⁺ and
CD200⁻ ECs from E18 contributed to long-term EC reconstitution
after monocrotaline (MCT)-induced liver injury, resulting in the gen-
eration of cell populations, i.e., CD157⁻CD200⁻, CD157⁻CD200⁺,
and CD157⁺CD200⁺ ECs from CD200⁺ and CD200⁻ ECs. How-
ever, CD200⁺ ECs have been found to regenerate the vascular sys-
tem better with a more extensive vascular network and a higher
number of ECs. Additionally, CD200⁺ ECs have a higher capacity to
produce CD157⁺CD200⁺ cells than CD200⁻ ECs, providing evi-
dence that the stem cell population is primarily located in the
CD157⁻CD200⁺ EC fraction during late-stage fetal development
[53]. In the adult liver, CD157⁻CD200⁺ ECs only gave rise to
CD157⁻CD200⁺ ECs and CD157⁻CD200⁻ ECs, indicating a transi-
tion of CD157⁻CD200⁺ ECs to a progenitor state, whereas trans-
planted adult CD157⁻CD200⁻ ECs only generated very few
CD157⁻CD200⁻ ECs displaying characteristics of mature ECs [37].

On a side note, CD157⁻CD200⁺ ECs from the prenatal period
also expressed embryonic and neonatal endothelial progenitor
markers identified in previous studies, such as Peg3/PW1 and Prom1/
Cd133 [53]. PW1+ECs were strongly expressed in the yolk sac and
embryonic vasculature, remaining abundant until 1 week after birth
before disappearing in adult mouse ECs. This population was highly
proliferative, capable of forming colonies in vitro and generating new
vessels in vivo [54]. Similarly, Prom1+ECs also gave rise to EC colo-
nies in vitro and participated in vascular repair and remodeling after
vascular injury. Although its expression during embryonic develop-
ment was unknown, Prom1 was highly expressed in pulmonary mac-
rovascular ECs at 2 weeks of age in mice, after which its expression
was greatly reduced in adulthood [55].
Emergence of CD157⁺CD200⁺ ECs in the Liver

Although CD157 mRNA expression was induced in CD200⁺ ECs by
E18, the emergence of CD157⁺CD200⁺ ECs is prominent during the
first week of life, predominantly in the portal vein, and then expands
to the hepatic vein. This population increases continuously and peaks
at 6 months of age before plateauing during adulthood, representing
3.9% § 0.7% of total ECs in the liver. CD157⁺CD200⁺ ECs had a
higher capacity for forming larger and more abundant EC colonies
than CD157⁻CD200⁺ ECs in an in vitro culture setting. Additionally,
the frequency of ECFCs in the CD157⁺CD200⁺ population also
increased with age, from 1 in 40 cells at P7 to 1 in 12 cells at P21
[53]. Single adult CD157⁺CD200⁺ ECs were capable of reconstitut-
ing functional blood vessels, including the portal vein, hepatic vein,
and sinusoids in the MCT-induced liver injury model. In addition,
these cells generated all 3 EC fractions (CD157⁺CD200⁺ ECs,
CD157-CD200⁺ ECs, and CD157-CD200- ECs), placing them at the
top of the EC hierarchy [37].

The exact mechanisms by which CD200⁺ ECs become
CD157⁺CD200⁺ ECs are not yet fully elucidated. Nonetheless,
numerous TFs, such as Atf3, Bhlhe40, Egr1, Egr2, Elf3, and Klf4, have
been proposed as players in this phenomenon. Transduction of these
TFs in MS1 cells has been shown to cause an upregulation of CD157



Figure 2 Comparison of the proliferative capacity of CD157⁻CD200⁺ endothelial cells (ECs) before and after birth shows that such
cells at embryonic day 18 (E18) contain a higher number of endothelial colony-forming cells (ECFCs) than those from postnatal day
21 (P21). When transplanted into the host liver, CD157⁻CD200⁺ ECs from E18 generate a more extensive vascular network and give
rise to all three EC fractions. Created with BioRender.com
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and ABC transporter expression along with increased proliferation
and tube formation. One of these TFs, Klf4, has been shown to bind
directly to the promoters of CD157 and ABCG2. Interestingly, Klf4
was highly expressed in CD157⁺CD200⁺ ECs from E18 until adult-
hood, emphasizing its importance in the development and mainte-
nance of endothelial stem cells [56].

Beyond the liver, CD157⁺CD200⁺ ECs have been identified in
multiple organs, including the lungs, heart, brain, limb muscles, skin,
retina, adipose tissues, pancreas, and placenta [34,37−39]. Based on
the scRNA-seq from various organs, this VESC population was pri-
marily located in the veins and postcapillary venules, which may serve
as a VESC niche. CD157⁺CD200⁺ ECs strongly expressed Bmx, and
a 12-month observation using Bmx (PAC)-CreERT2/Flox-CAT-
enhanced green fluorescence protein (EGFP) mice revealed that
EGFP-positive VESCs in the portal vein can generate all liver blood
vessels, including sinusoids, under steady-state conditions [37]. In
addition, previous lineage-tracing studies also demonstrated that
venous ECs serve as the origin of angiogenesis in mice [57]. However,
the specific cellular components of the VESC niche and the regula-
tory signaling mechanism governing VESC maintenance and differen-
tiation remain unknown [58,59].
Relationship With Previously Reported Endothelial Stem/
Progenitor Cells Population

CD157⁺CD200⁺ ECs may also be part of a stem or progenitor cell
population described in previous studies, as this EC fraction exhibited
a higher expression of Procr and Il33 compared with another EC frac-
tion [53]. Procr+ECs have been identified as bipotent VESCs capable
of giving rise to both ECs and pericytes in multiple tissues, including
the mammary gland, skin, and retina [60]. Isolated Procr+ECs from
the mammary gland demonstrated significantly higher in vitro col-
ony-forming potential—approximately 20 times greater than Pro-
cr-ECs. In contrast, Il33 has been described as one of the genes
expressed by endovascular progenitors (EVPs CD31low/VEGFR2low)
found in the aorta, lung, placenta, and tumors. Compared with other
EC populations, termed transit amplifying ECs (CD31int/VEGFR2low)
and definitive differentiated ECs (CD31hi/VEGFR2hi), only EVP cells
have been found to possess self-renewal capacity [61].

Recently, Lin et al. [62] proposed Abcg2—one of the genes encod-
ing ABC transporter and enriched in SP cells—as a marker for clonal
repopulating ECs. Abcg2+ECs from mice and humans exhibited out-
standing vasculogenic potential as demonstrated by serial transplanta-
tion. Additionally, lineage tracing using Abcg2CreErt2; ROSA
TdTomato (Abcg2TT) mice showed that TdTomato+Abcg2+ECs con-
tributed to the generation of arterial, venous, and capillary ECs under
steady-state conditions and after myocardial infarction. Both
CD157⁺CD200⁺ ECs and Abcg2+ECs shared the expression of Myc
and were enriched in genes related to blood vessel development,
extracellular matrix adhesion, and cell-cell adhesion. Immunostaining
of the heart, muscle, and lung of Abcg2TT mice revealed that Abcg2
and CD157 were rarely coexpressed [63]. However, in the liver,
Abcg2 was expressed in both CD157⁺CD200⁺ and CD157-CD200⁺
EC populations but was absent in the CD157-CD200- mature EC



Figure 3 CD157⁺CD200⁺ EC functions are altered in aging. Some of these changes include a decreased number of ECs, sinusoidal
vessel disorganization, and reduced colony-forming capacity and reconstitution ability of CD157⁺CD200⁺ ECs on transplantation.
Created with BioRender.com.
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population, suggesting that Abcg2 and CD157marked 2 relatively dis-
tinct VESC populations [53].

Another study also identified a Lin�CD31+CD105+Sca1+ CD117
(c-kit)+ endothelial progenitor population in the mouse lung vascula-
ture capable of generating functional blood vessels in vivo [64].
Although liver CD157⁺CD200⁺ ECs also highly expressed CD105
and Sca1, CD117 expression was not specific to VESCs as it was also
expressed by pericentral LSECs and served as a sinusoidal zonation
marker [53,65,66].
Change of CD157⁺CD200⁺ ECs in Aged Microenvironment and
Angiogenesis Impairment

Aging is a natural biological process that affects all living organisms,
leading to a decline in organ function down to the cellular level. One
of the most evident age-related changes in the endothelium is a
decline in EC numbers across various mouse organs, as shown in the
Tabula Muris Senis dataset [67]. Specifically, in the liver, the total EC
population, including CD157⁺200⁺ ECs, underwent a significant
decrease in 27- to 28-month-old mice [68]. A decline in stem cell
numbers is also observed in other adult stem cell types, such as mus-
cle and neural stem cells [69,70]. The decrease in VESC number was
accompanied by structural disorganization of liver sinusoidal vessels,
including lower vascular density and a reduced number of branching
points—signs of impaired angiogenesis [68].

Aging also impairs the regenerative capacity of VESCs. Isolation
and in vitro studies showed that CD157⁺200⁺ ECs from aged liver
and lung have reduced colony-forming capacity, as shown by their
slower growth and fewer colonies of a smaller size compared with
CD157⁺200⁺ ECs from young mice. In in vivo studies, stem cells har-
vested from aged donor mice generally exhibit much lower self-
capacity when transplanted into young recipients compared with
stem cells from young donor mice [71]. Interestingly, in vivo experi-
ments showed that upon liver injury, simulated by the intraperitoneal
administration of MCT into young mice, transplanted aged
CD157⁺200⁺ ECs proliferated and integrated into the recipient’s liver
with an efficiency comparable with that of their young counterparts
[68]. This finding suggested that the proliferative capacity of
CD157⁺200⁺ ECs in vivo is predominantly influenced by the age of
the host environment. Similar observations have been reported in
transplantation experiments of muscle stem cells where young sys-
temic and microenvironmental factors rejuvenated aged stem cells to
restore their proliferative and differentiation capacities [72]. In line
with this, aged CD157⁺200⁺ ECs reconstitute a less extensive vascu-
lar area on transplantation into aged mice compared with young
CD157⁺200⁺ ECs, confirming that the functionality of these stem
cells declined with age [68]. These results emphasized the importance



Figure 4 Elevated systemic and local inflammation significantly contributes to the aging of CD157⁺CD200⁺ ECs. Aged ECs show
increased expression of genes involved in antigen processing and presentation, leukocyte cell-cell adhesion, and apoptosis regula-
tion. Higher immune cell infiltration, particularly Kupffer cells, releases the proinflammatory factor tumor necrosis factor-a (TNF-a),
promoting apoptosis. Additionally, reduced transforming growth factor b-activated kinase 1 (TAK1) expression in aged ECs
increases their susceptibility to apoptosis. Created with BioRender.com.
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of both systemic and local microenvironmental signals in reprogram-
ming the regenerative capacity of VESCs during aging (Figure 3).
Molecular Mechanism of CD157⁺CD200⁺ EC Aging

One of the major contributors to an age-related decline in prolifera-
tion and angiogenesis in ECs, including VESCs, is elevated inflamma-
tory responses in aged systemic and local microenvironments. The
scRNA-seq obtained from the Tabula Muris Senis project showed
enhanced immune cells and an immune-related gene signature in
aged mouse organs [67]. Immune cells were further characterized
using immunohistochemical and in situ RNA staining in aged liver tis-
sue, revealing elevated numbers of CD45⁺ immune cells and Clec4-
f⁺Il1b⁺ Kupffer cells suggestive of a proinflammatory state [68].
Kupffer cells were shown to secrete tumor necrosis factor (TNF)-a in
inflammatory conditions, which induces TNF receptor 1 (TNFR1)-
mediated apoptosis in ECs [73]. The dysregulation of the proinflam-
matory cytokine, TNF-a, was also observed systemically, as indicated
by an increased plasma level and local release in various organs and
tissues, including the heart, carotid arteries, and aortic wall [74−77]. It
has been reported that transforming growth factor b-activated kinase
1 (TAK1) played a critical protective role in preventing TNF-
a-TNFR1-induced EC apoptosis [78]. Notably, aged liver ECs exhib-
ited reduced expression of TAK1 compared with their younger coun-
terparts, suggesting that TAK1 may also regulate apoptosis in VESCs
during aging [68] (Figure 4).

Gene ontology biological processes in aged liver ECs indicated sig-
nificant enrichment in pathways such as antigen processing and the
presentation of exogenous peptide antigen via major
histocompatibility complex (MHC) class II, leukocyte cell-cell adhe-
sion, and positive regulation of the apoptotic process. In addition, the
expression of genes involved in these pathways, such as Cd74, H2-
Aa, Sele, and Selp, was much higher in CD157⁺200⁺ ECs relative to
other EC fractions [68]. Specifically, transcriptional changes in ECs
between 18 and 30 months were progressive rather than dichoto-
mous, as shown by scRNA-seq studies of heart and aorta ECs [79].
The slow build-up of inflammatory signals highlights the nonstatic
nature of the aging process in the vascular endothelium.

CONCLUSION AND FUTURE DIRECTIONS

The identification of CD157 and CD200 as markers of VESCs, par-
ticularly in the liver, has further solidified the existence of a hierarchi-
cal lineage of ECs. We have demonstrated that adult
CD157⁺CD200⁺ ECs emerge from CD157⁻CD200⁺ ECs during
late fetal development. Although we have uncovered several clues
regarding the development of CD157⁺CD200⁺ ECs, additional
investigation is required to elucidate the molecular mechanism fully
behind the induction of VESCs and its niche to utilize this population
for effective angiogenesis therapy.

Aging, in comparison, has a powerful effect on diminishing the
proper function of CD157⁺CD200⁺ ECs. Aging-associated inflam-
mation, marked by the increased infiltration of immune cells and
enhanced levels of inflammation-related genes, disrupts vascular
homeostasis, including angiogenesis. However, further research
regarding alterations in intrinsic age-related cell and stem cell niches is
still needed because a combination of these factors is essential for reg-
ulating the deterioration of the stem cell population.
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