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Vascularized Organoids: A More Complete Model 
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As an emerging research model in vitro, organoids have achieved major progress in recapitulating morphological aspects 
of organs and personalized precision therapy. Various organoids have been currently constructed in vitro (e.g., brain, 
heart, liver, and gastrointestinal). Though there are prominent advantages on microstructures and partial functions, 
most of them have been encountering a frustrating challenge that stromal components (e.g., blood vessels) are in short 
supplement, which has imposed the main dilemma on the application of such model ex vivo. As advanced technologies, 
co-culturing pluripotent stem cells, mesenchymal stem cells, with endothelial cells on 3D substrate matrix, are leaping 
forward, a novel model of an organoid with vascularization is formed. The mentioned contribute to the construction 
of the functional organoids derived from corresponding tissues, making them more reliable in stem cell research and 
clinical medicine. The present study overall summarizes progress of the evolution, applications and prospects of vascu-
larized organoids.
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Introduction 

  The organoid is constructed ex vivo by complying with 
the developmental procedures in vivo, enabling the micro-
structure of morphology and characteristic to accurately 
reflect the corresponding organ (1). In addition, the data 
is more reliable than that of cells, expenditures on culti-
vation are less, and no ethical problem with the use of 
animals is involved. Therefore, it is more conducive to 
studying unique physiological processes and disease occur-
rence in individuals as compared with cells and animals 

(2). However, it is revealed that the generation of the vari-
ous rare organoids (e.g., pituitary epithelium organoids 
and the cerebrum organoids) and even the reproductive 
system (e.g., the prostate) is epoch making. Numerous or-
ganoids are generated by merely inducing a mass, which 
is either ectodermal or endodermal. However, the stroma 
is located at the mesoderm, especially including vascular 
endothelial cells (3). As suggested from animal studies, en-
dothelial cells constitute the inner wall of blood vessels 
for delivery of nutrients and oxygen, as well as establish-
ing an instructive interface that stimulates organogenesis 
and regeneration by releasing the hormone (4).
  It is generally known that the interaction of compart-
ments (e.g., mesenchyme, epithelium, and blood vessels), 
collectively promoting parenchymal and stromal cells, 
cross-communicate via signal transduction to trigger in-
tegral functions and facilitate maturation of organs (1). 
Vascular networks, exhibiting crossing arrangements in 
vivo, aim to ensure that the distance between cells and the 
source of supplements does not exceed 1 mm, as an at-
tempt to confirm that cells are capable of surviving in an 
area of 1∼3 mm away from oxygen and nutrients (5).
  Overall, it is the endothelial cells involved in the exist-



128  International Journal of Stem Cells 2021;14:127-137

ing organoid models that are conducive to composing a 
functional communication niche, which may drive matu-
ration and exhibit the physiological function comprehen-
sively. This to some extent narrows the gap of the original 
tissue. Since morphogenetic changes are determined by 
the exquisite orchestration between the endodermal epi-
thelial, mesenchymal and endothelial progenitors before 
blood perfusion, it is less likely to generate a well-vascu-
larized organoid in vitro. Above all, the mentioned charac-
teristics limit their applications with respect to clinical 
transplantation and regenerative medicine. For these rea-
sons, this study first stresses the limitations of general or-
ganoids, followed by the evolution of organoids with blood 
perfusion; then, the phenotypic markers are demonstrated. 
In brief, this study aims at applications in as many orga-
noids as possible. Lastly, a few perspectives are proposed 
to study in the future and discuss the vital importance of 
vascular organoids.

The Limitations of Organoids without Blood 
Perfusion

  Most of organoids derive from ectodermal or endo-
dermal epithelial progenitors, exclusively composed of en-
dothelial cells or cell types derived from the mesoderm. 
Inevitably, there is a negotiation for the deficiency of a 
mesenchymal niche, thereby leading to a hurdle of matu-
ration and function, a common barrier in organoid tech-
nologies and tissue engineering (2, 3). Thus far, limi-
tations on organoids lacking blood flow have appeared 
frequently. Therefore, this study illustrates the organoids 
without blood perfusion from the ectoderm and endoderm 
below.

The Organoids from the Ectoderm

  It is known that the ectoderm primarily forms the epi-
dermis and nervous system. Yet there are some organoids, 
especially, the nervous system with slight functions to 
some extent. For instance, Eiraku et al. (6) demonstrated 
that an optic cup structure was capable of self-forming a 
fully stratified structure on a three-dimensional culture. 
However, the photoreceptors were not functional as im-
pacted by vasculature not presenting in this self-formation 
phrase. Subsequently, Lancaster et al. (7) set up the cere-
bral organoids. In addition, though there was recapitu-
lation of the characteristic progenitor zone with abundant 
outer radial glial stem cells, partial features failed to ap-
pear fully (e.g., cortical plate layers forming later under 
the lack of blood vessels). Besides, Muguruma et al. (8) 

generated a polarized structure of the cerebellum, whereas 
they could not form a long-time culture system without 
blood flow. Sakaguchi et al. (9) formed the functional hip-
pocampal granule and pyramidal-like neurons, whereas 
they failed to form mature neurons and the hippocampal 
as impacted by the limitation of blood vessels to deliver 
the nutrients. 

The Organoids from the Endoderm

  In accordance with the ectoderm, the endoderm is asso-
ciated with numerous organoids (e.g., the lung, which in-
duces the airway epithelial cells to generate organoids). 
However, there were only a third of the cells’ airway epi-
thelia markers. Furthermore, markers of the alveolar air-
ways were expressed early in culture, whereas they were 
lost later because the vascular endothelium should induce 
a branching-like program of isolated airway epithelium in 
cultures (10, 11). Dianat et al. (12) induced the generation 
of cholangiocyte organoids; according to their expectation, 
the phenotype of differentiation and functional aspects 
was closer to the naive microcosmic structure of bile duct 
for the lack of blood vessel. Ogawa et al. (13) co-cultured 
the cholangiocyte with endothelial cells and subsequently 
transplanted the microstructure in mice; afterwards, they 
formed the mature biliary tract organoids, which were 
biliary signaling pathways activated by stromal elements.

The Progress of Vascular Organoids

  In 2009, Sato et al. (14) combined the isolation of spe-
cific adult stem cell populations termed as the leucine-rich 
repeat that contained G-protein-coupled receptor 5 as in-
testinal stem cell-specific marker with three-dimensional 
culture technology, which built crypt-villus structures in 
vitro. They also introduced a novel model termed as the 
organoids. Nowadays, there are various organoids from 
different tissues and organs (Fig. 1), whereas they are 
adopted to mimic the phenotypes mainly instead of func-
tional applications owing to the lack of angiogenesis. With 
cultural system improvement, blood vessels are involved 
in organoids to compose a more harmonious melody. We 
can appreciate the journey from 2010. Baptista et al. (15) 
implanted the vascular network scaffold into the liver of 
mice, in which there was a position that endothelial cells 
aggregated as observed under the microscope. Apparently, 
the typical vascular endothelium and liver epithelium 
could be seen, which is the first successful construction 
of a bioengineered liver that has advanced the trans-
formation of the medical field. In 2012, Quint et al. (16) 
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Fig. 1. Organoids have been established of different systems.

mixed human pluripotent stem cells and endothelial cells 
with smooth muscle cells, which were observed to exhibit 
a vascular network structure. This model allows re-
searchers to study the whole blood vessel formation in an 
autonomous manner in vitro. In 2013, Kusuma et al. (17) 
induced human-derived pluripotent stem cells (hPSC) to 
differentiate into a microvascular network co-cultured 
with endothelial cells and pericytes; then they were trans-
planted into immunodeficient mice. It is noteworthy that 
the microvascular network was integrated with the host 
vasculature to build a functional blood system. It is chal-
lenging to simulate the human vascular network, since it 
is difficult to compose a vascular chimera model between 
the graft of human and mouse. On the other hand, for 
species differences, the model cannot effectively indicate 
the actual effect on humans. In 2014, Samuel et al. (18) 
cocultured hPSC, endothelial cells and mouse-derived 
mesenchymal progenitor cells to generate functional blood 
vessels. However, it could only survive about 28 days, so 
it is difficult to achieve long-term research in vitro. In 
2015, Chan et al. (19) transplanted the 3D vascular net-
work via hPSC into type 1 diabetes mellitus mice to miti-
gate the symptoms (e.g., insufficient or interrupted blood 
flow). The mentioned symptoms lead to a series of mal-
functions for ischemia and hypoxia attributed to diabetic 
vascular disease though symptoms could be mitigated to 
some extent after transplantation. This is another major 
progress in bioengineering and translational medicine for 
vascularized organoids following the hepatic vascular net-
work model. In 2016, Samuel et al. (20) induced the differ-
entiation of human-derived hPSCs. With the use of tissue 
engineering technologies, they successfully built a func-
tional microvascular network in immunodeficient mice 
that could last for nearly one year, thereby presenting a 

malleable technology to construct anastomosis between ar-
tificial blood vessels and host blood vessels. Until 2019, 
Wimmer et al. (21) transplanted the differentiated micro-
vascular network into immunodeficient mice to form the 
first vascular organoid. The construction of microvascular 
networks finally emerged to the vascular organoids. 
Regardless of the field of organoids, tissue engineering, or 
translational medicine, this model eliminated the bias of 
organoids to some extents, and the consensus of the pros-
pects of organoids would be broadened to form functional 
microcirculation tissues (Fig. 2).

Phenotypic Characteristics of Vascular Organoids

  Coated by Type I collagen matrigel, cytokines and small 
molecules related to signal transduction facilitated the for-
mation of vascular organoids (Table 1). On the whole, they 
were surrounded by CD31＋, and VE-cadherin were typi-
cal molecular markers of endothelial cells, allowing for 
distinguishing hematopoietic cells that exhibited charac-
teristic phenotype. Smooth muscle actin, recognized as a 
marker of myoblast, is a common marker for vascular 
smooth muscle cells and pericytes, identical to platelet- 
derived growth factor receptor. Likewise, the vascular or-
ganoids express different phenotypic markers, respecti-
vely. For instance, the vascular kidney organoids con-
firmed that Wilms’ tumor suppressor-1 and Lectin Lotus 
Tetrachlorella appeared. Specific to the liver organoids 
with vascularization, the special markers consisted of ZO1, 
ALB and CK8/18 (22). Furthermore, the pancreas was tak-
en as an example, the characteristic proteins (e.g., dipep-
tidyl peptidase 4) increased drastically after making a joint 
with blood vessels (23).
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Fig. 2. The procedures of vascular 
organoids. Co-culturing with embry-
onic or adult stem cells, endothelial 
cells and mesenchymal cells, vas-
cular organoids are generated after 
transplantation (top); On some occa-
sions where there are urgent for the 
vascular networks, it can be con-
stituded well ex vivo following the 
steps (medium); As for diseases, blood 
vessels organoids are masterpieces, in 
addition to some cytokines and small 
molecules to form the stem cells ni-
che, it can be generated (bottom).
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Table 1. Function and concentration of supplyments such as cytokines and small molecules in vascular organoids

Cytokines/small 
molecules

Function Concentration

Y-27632 1. Rho-related coiled-coil formation protein kinase inhibitors can effectively promote the hPSC 
aggreation to enrich cells collection

50 μM

CHIR99021 1. Potent and highly selective inhibitor of glycogen synthase kinase 3; allows formation of 
extended pluripotent stem cells

12 μM

BMP-4 1. Transforming growth factor-beta superfamily ligand that is widely expressed from early 
embryogenesis through adulthood

2. It plays an important role in mesenchyme formation, epidermal determination and the 
development of multiple organs. the heterodimers can induce the formation of mesoderm

30 ng/ml

VEGF-A 1. A potent mediator of both angiogenesis in the fetus and adult
2. It is required during embryogenesis to regulate the proliferation, migration, and survival 

of endothelial cells

100 ng/ml 

FGF-2 1. A member of the FGF superfamily of mitogenic proteins 
2. It stimulates proliferation of all cells of mesodermal origin as well as many cells of 

ectodermal, and endodermal origin 
3. It participates in the development of cell proliferation and angiogenesis in vivo 

100 ng/ml

PDGF-BB 1. PDGF isoforms are potent mitogens for connective tissue cells 
2. It plays an important role in neuron survival and regeneration, and in mediation of glial 

cell proliferation and differentiation

1∼10 ng/ml 

Activin a 1. Tumor growth factor-beta inhibitor, involved in the biological processes of hematopoiesis 1∼10 ng/ml
SB431542 1. Potent and selective inhibitor of the transforming growth factor-β type I receptor/ALK5, 

stimulates proliferation and differentiation of ESC-derived endothelial cells
50 nM

SB203580 1. Selective inhibitor of p38 MAPK, essential component of medium for maintaining stem cells 
in naive pluripotent state

100 nM

SP600125 1. Selective JNK inhibitor, competitively and reversibly inhibits JNK1, 2 and 3, essential 
component of medium for maintaining stem cells in naive pluripotent state

50 nM

The Potential Applications of Vascular Organoids

  Since organoids and host organs have established con-
nections via blood vessels, a range of applications of func-
tional organoids with advance can be explored. Here are 
the following examples. (1) Mechanism, we can discuss how 
the procedure of the corresponding organs’ development. (2) 
Pathology, it is possible to study rare vascular diseases un-
der the model, no matter which the primary disease or 
secondary disease. (3) Exogenous substances, drugs may 
affect the pathophysiology of organoid by the blood vessel. 
In summary, the advance and applications of vascularized 
organoids from different organs are presented below.

The Vascular Kidney Organoids

  Specially, Kidney organoids derive from a mesodermal 
progenitor containing stromal compartments and the vas-
cular network. Nephron progenitor cells can produce the 
angioblasts, which means the functional kidney organoids 
faster than others in theory (24). However, the advantages 
of histology and embryology are not enough to generate 
vascularized renal organoids (vRO), therefore, Takebe et 

al. (22) co-cultured endotheliocytes with mesenchymal 
stem cells, and then transplanted it into the mice gen-
erated microstructure of kidney organoids. It is note-
worthy that blood was filled with the capillary network at 
day 28, closely related to glomerular vascularization, tissue 
complexity and kidney functionalization, thereby proving 
that it had established a mature microcirculation system.
  Besides, the original urine was filtered, depending upon 
the molecular weight small molecular substances (10 kD), 
large molecular substances (200 kD) like the correspond-
ing kidney, and entered the renal capsule as well as a pri-
mary kidney by microscope, moreover, with the theory 
“Structure Determining Function”, it is a promising mod-
el for the analysis and treatment of congenital nephrotic 
syndrome that the deficiency of renin in podocytes due 
to the renin-coding gene NPHS1 is mutant, Tanigawa et 
al. (25) corrected the manifestation after implanting the 
gene in patients. In addition, Adriamycin, a common an-
ti-tumor drug on the single glomerular structure separated 
from vRO is screened and found that the pore size of glo-
merular podocytes and expression level of BFP2, a func-
tional marker decrease with the increased dose of 
Adriamycin, leading to the leakage of large molecular sub-
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stances, which is an alarming symbol for clinical medi-
cation (26).

The Vascular Cardiac Organoids

  Distinguished from the mesoderm kidney, the heart, 
which originates from the endoderm, exhibited late in the 
organoid field. Given a birth in the tissue engineering, ob-
viously, it is limited to a single ventricle model merely 
that lacks the capacity for perfusion (27). As we know that 
heart is a blood pump, which means the angiogenesis is 
a essence, so cardiomyocytes, endothelial cells and fibro-
blasts collectively give birth to the vascular cardiac orga-
noids (vCO) ex vivo, ischemic injury would be attenuated 
by accelerated angiogenesis after transplantation and in-
tegration with the host coronary circulation; besides, com-
bined with 3D bioprinting collectively leading to a living 
pump that involves with chambers and large vessel 
conduits. Meanwhile, the model even can be maintained 
longer than 6 weeks. Apparently, the masterpiece conveys 
the notion that it will pave the way for generating increas-
ingly complex structures that could include spatially des-
ignated pacemaker cells and an associated conduction sys-
tem with blood perfusion (28). 
  It is acknowledged that the vCO exhibits the electrical 
function and mechanical pump (e.g., the pressure of ven-
tricle beating ranging from 0 to 0.5 mmHg). Specific to 
the frequency of beat rates approximately 0.07 Hz, the 
stroke volume of nearly 14 μl %, suggested the notion 
of advanced maturation (29). vCO was incubated with in-
vestigational compounds (e.g., ticagrelor with aspirin) to 
determine efficacy and toxicity profiles based on vasculari-
zation (30). Looking forward, vCO might act as a testbed 
for cardiac medical devices and eventually lead to ther-
apeutic tissue grafting to remodel the diseased heart. 

The Vascular Liver Organoids

  Blood perfusion, as a site of metabolism and digestion, 
is vital to the liver as well as kidney and heart. Indeed, 
blood in the hepatic sinusoid carries the hormone signal 
to communicate with the adjacent liver cells. Therefore, 
as inspired by Korzh et al. (31), who found that morpho-
genetic changes are determined by the exquisite orchestra-
tion of signals between endodermal epithelial, mesen-
chymal and endothelial progenitors before blood perfu-
sion, Huch et al. (32), generating a vascular liver organo-
ids from the specified hepatic cells, and Takebe et al. (33) 
absorbed on their advantages and designed the liver orga-
noids formation by co-culturing hepatic endoderm cells 

with endothelial and mesenchymal lineages on three-di-
mensional structures; in addition, the vascular liver orga-
noids were quickly connected to the blood of the host in 
48 hours after being transplanted into the mouse. 
  The length and the cover area of the blood vessel net-
work (up to 68%) was increasingly larger than that of cell 
transplantation (merely 24%). Angiogenesis underpins 
metabolism, so functional liver organoids produce 222 me-
tabolites with metabolomics analysis, including liver-spe-
cific metabolites (e.g., taurocholic acid). The interaction 
between mesenchymal cells and hepatocytes may release 
vascular endothelial growth factor and stimulate the for-
mation of endothelial network, which is critical for the 
production of albumin and expression of specific enzymes 
in the liver, as well as the transformation of liver organo-
ids towards more mature functions, consistent with the 
metabolic capacity of the liver highly. Thus, it can replace 
the liver to provide a prosperous model for the metabo-
lism of multiple drugs or toxicants (34).

The Vascular Pancreas Organoids

  Besides the liver, the pancreas is a unignorable digestive 
organ, blood perfusion is necessary for its functions on en-
docrine and exocrine. In particular, the endocrine func-
tion that primarily improves insulin deficiency can ad-
dress diabetes mellitus. Based on the knowledge, the β- 
cells of pancreas were co-cultured with endothelial cells, 
and the pancreas organoids were quickly perfused by 
blood flow to give a new life to the β-cells after trans-
planting in mice. By the way, the density of the re-
constructing pancreatic islets of the microcirculation net-
work, consisting of the basement membrane and endothe-
lial cell that collectively support the β cells, was nearly 
4.2 times that of the surrounding tissues (35). Blood ves-
sels might be capable of secreting chemokines: Cxcl12 
during the early period of pancreatic organoids formation. 
Moreover, stroma secreting Fgf10 indirectly cross commu-
nicated the information with the organoids to create the 
epithelial signal to make the organoids survive longer.
  To assess its function, the formed structure was trans-
planted into the kidney capsule of a type 1 diabetic melli-
tus mouse model. By constructing a vascular pancreas or-
ganoids, the cover area of blood vessel took up nearly 50%; 
it is noteworthy that the blood glucose of the mice drop-
ped from 600 mg/dl to 400 mg/d sharply, the mice were 
successfully cured (33). However, contrasted with trans-
planting the pancreatic cells or mesenchymal cells, the 
blood glucose of mice fluctuated around 400 mg/dl some 
time, and the effects may be delayed due to the failure 
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Fig. 3. The application prospects of vascular organoids.

of vascularization (36, 37).

The Vascular Brain Organoids

  As the representative of the ectoderm, the emergence of 
brain organoids attracted great attention as early as 2013 
(7). However, there is no exception that an obstacle ap-
pears that oxygen and nutrient cannot deliver to the in-
ner-most parts of the model due to the human brain orga-
noids (hBOs) lacking microcirculation. To address the 
mentioned problem, Mansour et al. (38) formed the vas-
cular brain organoids under the oxygen concentration re-
duced to 2%, the blood vessels were filled with the whole 
organoids, both of which produced potentials exhibiting 
the functional vessel-like organoids structures to promote 
neuronal maturation. Acevedo et al. (39) transplanted vas-
cularized brain organoids into the skull of mice. Neuronal 
discharge was monitored on the electrodes, suggesting the 
successful formation of functional brain organoids. Song 
et al. (40) analyzed the potential impacts of growth factors 
on neuronal growth of brain organoids using the model, 
suggesting that the glucose transporter GLUT-1 was 
up-regulated after blood nurturing of brain organoids. 
Notably, the continuous endothelium help maintain the 
structural and functional integrity of the brain, so vascula-
rization is critical for improving this model for usage.

The Vascular Gastrointestinal Organoids

  Initially, the gastrointestinal organoids were merely in-
duced by epithelial cells, whereas the matrix, the skeleton 
of connective tissue in the organs, was mainly derived 
from mesoderm. Thus, the earliest gastrointestinal organo-
ids lacked vascular stroma and mainly simulated the 
structure. As the first human gastric organoid (hGO), the 
mesodermal remnants surrounded the epithelial structures 
to supply for oxygen to form a complete stem cells niche 
(41). From the perspective of the permeability, human 
vascular intestine organoids (hIO) were transplanted into 
immunodeficient mice, a range of the intestine cells were 
presented (e.g., enterocytes, goblet cells and Paneth cells). 
  The diameter of hIO increased to 6.72 mm, and a lumen 
structure could be observed, compared with that before 
transplantation (1.75 mm) (42). Characteristics were as-
signed to the ideal alternative to the treatment of short 
bowel syndrome attributed to resection of intestinal struc-
tures with excessive lesions. Moreover, concerning the con-
siderable microorganisms in the intestine, the hIO could 
be used to explore the interaction between host organoids 
and enteroviruses (43). Li et al. (44) infected gastro-

enteritis virus using the in vitro cultured hIO, they drew 
a conclusion that considerable inflammatory factors were 
upregulated. In brief, with the blood vessels anticipating, 
the gastrointestinal organoids generated a complex multi-
line microenvironment functionally.

The Blood Vessel Organoids

  Blood vessels act as the interstitial components of the 
substantive organs as the top descriptions. More im-
portantly, endothelial cells are directly induced in vitro to 
form blood vessel organoids (bVO), which are primarily 
adopted to the study on vascular diseases. Since bVO 
tends to convey numerous research fields, Wimmer et al. 
(21) studied the mechanism of the basement membrane 
thickening of diabetes in bVO where there was diabetic 
angiopathy. Additionally, the effect of drugs on human 
vascular physiology remedied the defects of the previous 
models significantly, similar to the γ-secretase inhibitor, 
which could interrupt the phenomenon in the high-glyce-
mic medium by inhibiting the disorder of basement mem-
brane, thereby ensuring their safety and effectiveness and 
accelerating the pace of clinical trials (45). Besides, the 
pandemic COVID-19 virus, bVO expresses antiangiotensin 
converting enzyme II to appear to cause a popular in rela-
tive research, Monteil et al. (46) established capillaries or-
ganoids that were infected by SARS-CoV-2, meanwhile 
found it produced progeny virus. Besides, it was an in-
dicator to measure parameters (e.g., maturity and blood 
vessel function). Therefore, it could be employed to study 
vascular diseases to illustrate the cerebrovascular athero-
sclerosis attributed to dyslipidemia. 
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Perspective and Prospect

  Organoids, corresponding to the viscera function in vitro 
in part and quickly win the favor of many researchers, 
however, a lack of stromal elements especially the func-
tional blood vessels, causing the maturity and function a 
dilemma. With the endothelial cells and co-culture system 
introduction, vascularization organoids improve the prob-
lem significantly. Moreover, functional organoids bring 
forward to some prospective applications (Fig. 3). 
  Transplantation refers to one of its remarkable advan-
tages: especially under shortage of donors and long-term 
use of immunosuppressive agents, the patient’s defense 
system is destroyed inevitably. Applying this model to re-
place organs or cell transplantation is capable of remodel-
ing functional organs on one hand, and avoiding immune 
rejection on the other hand (47). Furthermore, it is more 
suitable for inventing new drugs and personalized treat-
ments for the distribution of active components of medi-
cine varied with blood flow participating in. The combina-
tion of CRISP-Cas9 with it can correct mutated genes by 
editing technologies and study the effects of specific muta-
tions on the development and progress of diseases. It is 
undoubtedly that angiogenesis is critical for tumors. 
Transporting nutrients and the excretion of metabolic 
wastes should rely on the blood vessels, so it acts as a vital 
element to maintain the growth of tumors (48). Considerable 
studies on infectious diseases also require the functional 
models in vitro; for instance, COVID-2019 affects multiple 
organs, Zika virus aims at the brain and Norovirus target 
at the intestine, the blood flow affects the distribution of 
pathogen cannot be underestimated. In addition, as the 
microenvironmental components, vascularization attached 
to the different organs demands on matching matrix stiff-
ness of the culture system, so we are urged to improve the 
existing culture system.
  Accordingly, it is essentially practical for the prospect 
of vascularized organoids to improve the multilineages 
communication to confirm the impact on the model with 
vasculature in detail. In other words, vascularized organo-
ids can reproduce the near-native function of the solid or-
gan, as well as creating a highly similar internal environ-
ment for both fundamental and biomedical research. The 
rapid progress of vascular organoids promises potential 
prospects into developmental biology and paves new ways 
towards curing human disease and regenerative medicine.

Discussion

  Since the generation of organoids, carrying out indivi-

dual therapy, synthetizing novel drugs and exploring the 
mechanism of resistance and metastasis in disease are con-
sidered the major concerns of researches. The existing re-
search hotspot primarily focuses on the isolated organoid 
models, from morphological changes to the drug screening. 
They fail to capture the spatial dynamic changes between 
vascularized organoids and the corresponding tissues, 
leading to a frustrating phenomenon of the mechanism re-
search in-depth and clinical applications. Besides, the size 
of the organoid differs by orders of magnitude from that 
of the resource organs in terms of structure. Thus, many 
laboratories have been in a dilemma of how to optimize 
the model to deliver nutrients to better induce its differ-
entiation and proliferation to form a resemble alternative, 
a prevailing notion occurred that it is impractical to re-
capitulate the interactions closely between organoids and 
blood vessels in vitro (49). 
  It is known that blood vessels usually serve to promote 
signal transduction between cell-cells and cell-matrix, 
completing the regulation work which is critical to the iso-
lated and disordered cell in the early stage of reaggre-
gation to achieve the goal that re-growing a vascular orga-
noid is similar to corresponding organs. As a result, vas-
cular endothelial cells are essential components. Besides, 
major diseases (e.g., heart attack, diabetes or cancer) are 
closely related to the blood vessels dysfunction. However, 
it is an unstable and malfunctional model, in addition, fit-
ting together with the host and maintaining the long-term 
culture, the related research remains in infancy.
  Over the past few years, the ability of cell transplan-
tation to repair damaged tissues is limited, and mesen-
chymal components especially the vessels are introduced 
to make them closer to the corresponding tissues for func-
tion and maturity (50). As vast improvements on the tech-
nology are still required to achieve this goals, the alter-
native can potentially tackle down many other models’ 
limitations while maintaining in vitro accessibility and 
scalability. In brief, this study envisions that the field may 
see this type of application and many others in the future.
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