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Abstract
Extracellular vesicles (EVs) are lipid bilayer structures secreted by cells that act
as intercellular messengers. Tissue‐derived EVs (TEVs), harvested from the
tissue interstitium, directly reflect the actual physiological or pathological state
of the tissue microenvironment. However, the difficulty in tissue acquisition
severely limits the development of TEVs. In contrast, organoids are 3D cell
clusters cultured from stem cells, which have spatial structures and physio-
logical functions that are highly similar to the source tissues. Although
organoid‐derived EVs (OEVs), isolated from culture supernatants, can reflect
complex cellular interactions, they cannot directly reflect the state of the tissue
microenvironment like TEVs. Building on the foundation of TEVs and OEVs,
we introduce the innovative concept of organoid‐tissue EVs (OTEVs), where
residing in the organoid interstitium. Acting as a communication bridge be-
tween OEVs and TEVs, OTEVs can accurately represent the true microenvi-
ronment. They overcome the challenges associated with the limited
availability of TEVs and the inability of OEVs to directly reflect the micro-
environment. We believe that OTEVs will synergize with TEVs and OEVs to
enhance the understanding of the pathogenesis of complex diseases, as well as
to improve their diagnosis and treatment.

Abbreviations: 3D, three‐dimensional; AD, Alzheimer's disease; Ad‐EVs, adipose tissue‐derived extracellular vesicles; BEVs, bacteria‐derived EVs;
EAT, Epicardial adipose tissue; EVs, extracellular vesicles; FGF10, fibroblast growth factor 10; hDPSC, human dental pulp stem cells; Hep‐EVs,
hepatocyte‐derived extracellular vesicles; hERO‐RPC, human retinal organoid‐derived retinal progenitor cells; hESC, human embryonic stem cells;
LPS, lipopolysaccharide; M3DB, magnetic 3D bioassembly; MEVs, mammalian cell‐derived EVs; Mu‐EVs, muscle‐derived EVs; MVBs,
multivesicular bodies; OEVs, organoid‐derived EVs; OTEVs, organoid‐tissue EVs; PBS, phosphate‐buffered saline; PEVs, plant‐derived EVs; RD,
retinal degeneration; TEVs, tissue‐derived EVs; TMJ OA, temporomandibular joint osteoarthritis.
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1 | INTRODUCTION

EVs are intricate lipid bilayer structures secreted by a wide
variety of cells and play a critical role as intercellular
messengers within the body.1–4 These vesicles are capable
of delivering a diverse array of biomolecules, including
lipids, proteins, and nucleic acids, which are essential for
cell‐to‐cell communication and contribute significantly to
both physiological and pathological processes.5–8 EVs are
involved in numerous biological functions, such as im-
mune response, tissue repair, and regulation of cellular
functions, thereby influencing a range of outcomes from
normal cellular processes to disease progression.9–12

Among the various types of EVs, TEVs are particularly
noteworthy.13–15 These vesicles are harvested from the
tissue interstitium, where they originate, and are consid-
ered valuable indicators because they can directly reflect
the actual physiological or pathological state of the tissue
microenvironment.16 The presence of specific bio-
molecules in TEVs can provide insights into disease states,
including cancers, inflammatory conditions, and other
pathological processes.17–19 However, the utility of TEVs is
significantly hindered by the inherent difficulty in
acquiring tissue samples. Obtaining adequate tissue
without causing harm to the patient or disturbing the tis-
sue architecture is a considerable challenge, which limits
the availability of TEVs for both research and clinical
applications.

In contrast to the limitations present with tissues,
organoids represent an innovative approach in the field of
biomedical research.20 Organoids are three‐dimensional
(3D) cell clusters cultured from stem cells that exhibit
complex spatial structures and physiological functions that
closely resemble those of their original source tissues.11,21

These multicellular constructs retain key characteristics of
the tissue environment, including cell‐to‐cell interactions,
signaling pathways, and tissue architecture, making them
invaluable for investigating biological processes in a more
realistic context compared to traditional 2D cultures.22 In
recent years, our team has focused on OEVs.23,24 Our team
proposed the concept of OEVs in the world and proposed a
strategy to use OEVs to treat complex diseases.10 We also
systematically explored the applications of organoids and
OEVs in disease treatment.23,25 We hope that a thorough
comprehension of OEVs will pave the way for novel ther-
apeutic approaches to tackle intricate diseases. In addition,
we explored the role of gut microbiota‐derived EVs in

regulating bone metabolism and proposed new osteopo-
rosis therapies based on the gut‐bone axis, including
traditional metabolites and immune and endocrine path-
ways, as well as the potential applications of bacteria‐
derived EVs (BEVs)26–28 and intestinal OEVs (IOEVs).29

Unlike traditional 2D cell culture systems, 3D cell culture
can form tissue structures similar to stem cell niches and
has a physiological state closer to that of tissue.30

Compared with EVs cultured in traditional 2D culture,
OEVs have a larger number and better physiological ef-
fects.24 However, while OEVs can be isolated from the
culture supernatants and have been shown to reflect
complex cellular interactions, they do not directly mirror
the microenvironmental cues in the same way as TEVs.

To address this gap, EVs residing in the interstitium of
organoids can be extracted and classified as OTEVs based
on the principles of isolation.31 This innovative approach
allows OTEVs to serve as a vital communication bridge
between OEVs and TEVs, possessing the potential to
accurately represent the true microenvironment of the
tissue from which the organoids are derived. By capturing
the specific signatures of these organoid‐tissue EVs, re-
searchers can gain critical insights that more closely align
with the native tissue environment. OTEVs effectively
mitigate some of the significant challenges associated with
the limited availability of TEVs while addressing the
shortcomings of OEVs, particularly their inability to
directly reflect the state of the tissue microenvironment.
Through the study of OTEVs, researchers can delve deeper
into the underlying mechanisms of various diseases,
potentially elucidating the pathogenesis of complex con-
ditions that have remained elusive. Consequently, the
concept of OETVs emerges as a promising avenue for
translational research, offering the potential to signifi-
cantly advance our understanding of disease mechanisms.
OTEVs will work together with TEVs and OEVs to support
in‐depth research into the causes, diagnosis and treatment
of complex diseases (Figure 1).

2 | TISSUE‐DERIVED EVS (TEVS)

2.1 | The biogenesis and structure of
TEVs

Cell‐derived EVs are phospholipid bilayer nanoparticles
containing many bioactive molecules such as proteins,
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nucleic acids, and lipids.32 Compared with EVs derived
from cell culture or biological fluids, TEVs, isolated
directly from tissue interstitial spaces, can more accurately
represent the physiological and pathological conditions of
the tissue microenvironment because they have a more
realistic complex microenvironment than cell lines, a
richer source of information, and a purer exclusivity than
body fluid circulation (such as blood, pleural effusion, as-
cites, and urine).33 This distinctive feature makes TEVs
indispensable tools for deciphering disease mechanisms,
enhancing diagnostic accuracy, identifying therapeutic
targets, and advancing cell‐free therapeutic approaches.34

TEVs are discovered within the interstitial spaces of
tissues and released from various types of cells, such as
epithelial cells, immune cells, macrophages, mesen-
chymal stem cells, fibroblasts, and granulocytes
(Figure 2A). In fact, TEVs are a type of EVs derived from
mammalian cell‐derived EVs (MEVs).35 Therefore, the
biogenesis and structure of TEVs are similar to those of
MEVs. Compared with the biosynthesis and secretion
mechanism of cells in 2D culture, the EVs in tissues may
be affected by multiple cell types and intercellular signals
(Figure 2A). The formation process of TEVs is similar to
that of cell‐derived EVs (Figure 2B). It mainly involves
the following three steps:

1) Endoplasmic reticulum‐Golgi pathway: The biosyn-
thesis process in the cell starts in the endoplasmic
reticulum. After the biomolecules such as proteins
and lipids are synthesized here, they are modified and
packaged by the Golgi apparatus.

2) Formation of multivesicular bodies (MVBs): In
the cytoplasm, the substances processed by the

endoplasmic reticulum and the Golgi apparatus are
encapsulated into the endoplasmic reticulum‐Golgi
apparatus intermediate, and then the early endo-
somes are formed. The early endosomes gradually
mature into late endosomes through processes such as
invagination and fusion, and finally form MVBs con-
taining multiple small vesicles.

3) Fusion and release with the cell membrane: The
multivesicular body fuses with the cell membrane and
releases the small vesicles inside to the outside of the
cell to form exosomes. This process is regulated by a
variety of intracellular signaling pathways and mole-
cules, such as the Rab protein family and the SNARE
protein complex.

Moreover, TEVs possess a variety of nucleic acids,
proteins, lipids, and metabolic byproducts (Figure 2C).
TEVs also contain common MEV markers, such as CD9,
CD63, CD81, flotillin, TSG101, and ALIX.36 The forma-
tion of TEVs is a complex process that is influenced by
many factors, including cell type, tissue microenviron-
ment, cell physiological state, biosynthetic pathways,
gene expression and transcriptional regulation, as well as
extracellular matrix and mechanical factors. These fac-
tors interact with each other and jointly determine the
formation, secretion and function of Ti‐EVs.

2.2 | The isolation of TEVs

In 2021, Crescitelli et al.31 published an efficient TEV
isolation protocol in Nature Protocols. In short, the
extraction scheme of TEV is shown in Figure 3. The TEV

F I GURE 1 The relationship between TEVs, OEVs, and OTEVs. The characteristics and origins of three types of EVs are TEVs, OEVs,
and OTEVs. TEVs are derived from the tissue interstitium, exhibit tissue specificity, and accurately reflect the real microenvironment,
although tissue acquisition can be challenging. OEVs, sourced from the organoid supernatant, simulate tissue and closely approximate the
real microenvironment but cannot directly reflect it. OTEVs, obtained from the organoid interstitium, also simulate tissue and are even
closer to the real microenvironment, positioning them between OEVs and TEVs in terms of their properties. OTEVs are a compromise
between OEVs and TEVs in terms of simulating tissues and reflecting microenvironments.
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isolation protocol should be performed on fresh tissue
samples to avoid excessive cell death. For blood‐rich tis-
sues, perfusion prior to TEV isolation is critical to reduce
contamination with serum EVs and other particles. The
tissue undergoes gentle dissociation through homogeni-
zation or enzymatic digestion at 37°C for less than 1 hour.
Following dissociation, the tissue mixture was passed
through a 70 μm pore‐sized filter to separate tissue pieces
and cell debris. The filtrate was then subjected to differ-
ential centrifugation at approximately 500–3000 � g at

4°C for 0–30 min to remove apoptotic bodies and large
cellular debris or intact cells. Subsequent centrifugation
at 10–14,000 � g at 4°C for over one hour helps to further
clear the sample of contaminating microvesicles and any
remaining cellular debris. The sample was then filtered
through a 0.22 μm pore‐sized filter to isolate larger EVs.
To obtain small EVs, the sample undergoes ultracentri-
fugation at speeds greater than 100,000 � g at 4°C,
repeated twice for over one hour each time. The extracted
TEVs can be stored at −80°C for long‐term preservation

F I GURE 2 The biogenesis and structure of TEVs. (A) TEVs are found in the tissue interstitium. A variety of cells, such as epithelial
cells, immune cells, macrophages, mesenchymal stem cells, fibroblasts, granulocytes, and erythrocytes can secrete TEVs. (B) The
biogenesis of TEVs. (C) The structure and composition of TEVs. TEVs have a complex composition of nucleic acids, proteins, lipids, and
metabolites. The figure was created using https://app.biorender.com/.
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or utilized immediately for various applications. This
method ensures the isolation of TEVs with minimal
contamination from other cellular components.

2.3 | The application of TEVs

EVs are crucial for cell‐to‐cell communication and offer
new diagnostic opportunities and therapeutic targets.37

TEVs, found in interstitial spaces, better reflect the
complex microenvironments of multicellular tissues and
contain diverse biomolecules that can influence recipient
cells.38 Li et al.14 highlighted the advantages of TEVs over
body fluid‐derived or cell culture‐derived EVs, such as
tissue specificity and accurate reflection of the tissue
microenvironment. Therefore, TEVs have a wide range of
applications, including disease diagnosis and basic
treatment.

2.3.1 | The disease diagnosis of TEVs

TEVs carry a variety of biomolecules, such as proteins,
lipids, and nucleic acids, which can serve as biomarkers
for disease diagnosis.39 TEVs play an important role in
tumor diagnosis. Dong et al.40 identified four potential
bladder cancer‐specific mRNA biomarkers in small EVs
derived from urine, tumor tissue, and adjacent normal
tissue, suggesting that tissue‐derived small EVs (sEVs)
may better reflect tissue‐ or disease‐specific biological

features compared to those from biofluids. Non‐invasive
cancer diagnosis can be achieved by detecting TEVs in
blood or other body fluids. TEVs released from tumor
tissue can enter the blood circulation, and tumor‐specific
molecular markers can be detected by isolating and
analyzing these TEVs.

In addition, TEVs also play a crucial role in the
diagnosis of cardiovascular and neurological diseases. For
example, Rizzuto et al.41 explored epicardial adipose tis-
sue (EAT)‐derived EVs, which transport active bio-
molecules, are implicated in the pathogenesis of
ischemia/reperfusion injury, coronary atherosclerosis,
heart failure, and atrial fibrillation. Bodart‐Santos et al.42

found that TEVs derived from brain tissue of patients
with Alzheimer's disease (AD) and frontotemporal de-
mentia can trigger memory impairment in wild‐type
mice, and these TEVs all carry Tau protein. Muraoka
et al.43 isolated EVs from the gray matter of the cerebral
cortex of 20 patients with AD and 18 controls and found
that the levels of pS396 tau and Aβ1‐42 in EVs of AD
patients were significantly increased. They also identified
ANXA5, VGF, GPM6A and ACTZ as new marker pro-
teins of AD derived EVs through quantitative proteomics
and machine learning techniques.

2.3.2 | The basic treatment of TEVs

TEVs are promising candidates for basic therapeutics
due to their ability to carry bioactive molecules, tissue

F I GURE 3 Isolation of TEVs. Tissue is first dissociated gently and then filtered through a 70 μm pore‐sized filter. Differential
centrifugation at 500–3000 � g and 10–14,000 � g removes debris and microvesicles. A 0.22 μm filter or 100 KDa ultrafiltration membrane
isolates larger EVs, while ultracentrifugation at over 100,000 � g twice captures smaller EVs. The isolated Ti‐EVs can be stored at −80°C or
used immediately. The figure was created using https://app.biorender.com/.
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specificity, low immunogenicity, drug delivery, promote
tissue repair and regeneration, immunomodulate, and
serve as disease markers.44 For example, Ying et al.45

demonstrated that hepatocyte‐derived extracellular vesi-
cles (Hep‐EVs) play a crucial role in liver regeneration
following partial hepatectomy by promoting hepatocyte
proliferation through Cdk1 activity, and their supple-
mentation shows potential to enhance liver regeneration,
highlighting their therapeutic potential in organ
regeneration.

TEVs also have great application scenarios in the
field of bone aging, such as osteoporosis and osteoar-
thritis. For example, Ma et al.46 demonstrated that
skeletal muscle‐derived EVs (Mu‐EVs) can reach bones
through the blood and be engulfed by BMSCs. Prote-
omics was used to analyze the key molecules that
mediate communication between skeletal muscle and
bone, fully revealing the important role of Mu‐EVs in
BMSC metabolic regulation and bone formation stimu-
lation (Figure 4A). Li et al.18 found that obesity exac-
erbates temporomandibular joint osteoarthritis (TMJ
OA) by altering the composition of adipose tissue‐
derived extracellular vesicles (Ad‐EVs), which induce
chondrocyte apoptosis and cartilage degradation, and
targeting miR‐3074‐5p in these vesicles may offer a
therapeutic strategy for obesity‐related TMJ OA
(Figure 4B).

3 | ORGANOID‐DERIVED EVS (OEVS)

3.1 | The biogenesis and structure of
OEVs

Acquisition of TEVs is challenging due to the difficulty of
obtaining tissue samples. In contrast, OEVs offer a
promising alternative as they are derived from 3D cell
clusters that mimic the structure and function of native
tissues. Our team comprehensively summarized the
concept of OEVs, and innovatively proposed a strategy for
combining organoids and OEVs to treat complex dis-
eases.24 Similar to the EVs produced by traditional 2D
cells, OEVs play a crucial role in facilitating communica-
tion and material exchange between organoid cells, acting
as a vital medium for intercellular communication.47,48

Compared with EVs derived from conventional 2D
cultured cells, OEVs have higher yields and stronger bio-
logical functions.23 Since OEVs are also derived from 3D
cultured mammalian cells, they are essentially a type of
MEV. Therefore, the biogenesis and structure of OEVs are
similar to those of MEVs (Figure 5). Under 2D culture
conditions, the biosynthesis and secretion mechanisms of
cells are relatively simple and are mainly affected by the
state of the cells themselves. However, the biosynthesis of
OEVs may be more affected by cell‐to‐cell interactions and
microenvironment due to the 3D structure of organoids.49

F I GURE 4 The application of TEVs. (A) Skeletal muscle‐derived TEVs promote glycolysis in BMSCs by delivering glycolic profiles to
enhance bone formation. (B) Adipose tissue‐derived TEVs promote TMJ OA aggravation by delivering miR‐3074‐5p. The figure was created
using https://app.biorender.com/.
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3.2 | The isolation of OEVs

The isolation of OEVs, especially pretreatment methods,
is different from that of TEVs due to their different
sources. Currently, OEVs are derived from organoid

culture supernatant.49–51 Compared to traditional cell
lines, organoid cultures are more intricate and typically
require 3D scaffolds, such as Matrigel. This complexity
poses additional challenges for the isolation of OEVs.
For example, components in the culture medium can

F I GURE 5 The biogenesis and structure of OEVs. Cells encapsulate substances from the extracellular environment into early
endosomes through endocytosis, and early endosomes gradually mature into late endosomes through substance exchange with the Golgi
apparatus. MVBs are formed in the membrane of late endosomes, which contain intraluminal vesicles. Subsequently, late endosomes can
fuse with lysosomes for degradation or fuse with cell membranes to release intraluminal vesicles, which can be taken up by receptor cells
through membrane fusion, endocytosis, and receptor‐mediated signaling pathways. Their phospholipid bilayer membranes are rich in
specific proteins, membrane receptors, as well as RNA, DNA, proteins, and cellular metabolites. The figure was created using https://app.
biorender.com/.
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interfere with the isolation process and matrix enzyme
digestion may compromise the integrity of the EVs.
Consequently, the isolation of OEVs necessitates more
precise and gentle techniques to ensure the purity and
functionality of the vesicles. Our team optimized and
established a set of OEV isolation protocols.24 During the
isolation process, to prevent exogenous EV contamina-
tion, it is necessary to ensure that the organoid culture
medium does not contain EVs. 24–48 h before collecting
OEVs, the organoid culture medium was replaced with
fresh culture medium to avoid interference from matrix
components. Subsequently, the organoid culture super-
natant was subjected to multiple differential centrifuga-
tion (300–10,000 g) and density gradient centrifugation
(100,000 g) to harvest OEVs. If necessary, 100 KDa ul-
trafiltration membrane and 0.22 μm filter membrane can
be added. The obtained OEVs are resuspended in sterile
phosphate‐buffered saline (PBS) and stored at −80°C
until use (Figure 6).

3.3 | The application of OEVs

OEVs are gaining more attention as therapeutic drugs,
biomarkers and drug delivery vehicles in various fields.
EVs secreted by organoid‐derived progenitor cells also
have a more therapeutic potential than EVs secreted by
stem cells. At present, the application of OEVs mainly
focuses on immune regulation, epithelial repair, and
retinal degeneration repair.

3.3.1 | OEVs for immune regulation

EVs are efficient mediators of intercellular communica-
tion between intestinal epithelial cells and immune
cells.52 OEVs can regulate immune responses because
they are rich in bioactive molecules, can serve as medi-
ators of intercellular communication, have targeted
immunomodulatory properties, can mimic physiological
environments, have low immunogenicity, and act
through multiple mechanisms.23 These characteristics
make OEVs have great potential in immunomodulation
and can be used to treat a variety of inflammatory dis-
eases. Zhang et al.53 demonstrated that OEVs derived
from mouse and human intestinal organoids can modu-
late inflammatory responses in a variety of immune cells
by inhibiting lipopolysaccharide (LPS)‐induced cytokine
production in these cells. Sequencing results indicated
that multiple microRNAs, especially Let‐7, were involved
in OEV‐mediated immune regulation.

3.3.2 | OEVs for epithelial repair

The application of OEVs in epithelial repair has shown
significant potential. OEVs can regulate cell proliferation,
migration, and repair capacity, thereby promoting the
regeneration and functional recovery of epithelial tissue
by carrying a variety of bioactive molecules. For example,
Chansaenroj et al.54 constructed a 3D culture system of
SG organoids using the magnetic 3D bio‐assembly

F I GURE 6 Isolation of OEVs. To ensure purity, the organoid culture medium was refreshed 24 h prior to collecting OEVs, eliminating
potential interference from matrix components. Subsequently, the isolation of OEVs includes differential centrifugation and density
gradient centrifugation. If necessary, ultrafiltration and filtration steps can be added. The figure was created using https://app.biorender.
com/.
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(M3DB) platform. SG OEVs significantly stimulated
epithelial growth, mitosis, epithelial progenitor cells, and
neural growth in damaged SGs. Proteomic analysis pre-
dicted that SG OEVs promoted cell growth, development,
and signaling through molecular targets downstream of
fibroblast growth factor 10 (FGF10).

Moreover, Kwak et al.55 developed a pluripotent stem
cell‐based epidermal organoid that can produce efficient
OEVs for skin regeneration. Shin OEVs have shown the
ability to promote skin wound healing in both in vitro
and in vivo experiments. Specifically, OEVs can signifi-
cantly promote the proliferation and migration of
epithelial cells, accelerate wound closure, and reduce
inflammatory responses. In addition, OEVs can promote
the regeneration and repair of skin tissue by regulating
the composition of the extracellular matrix. These studies
not only show the application prospect of OEVs in
epithelial repair but also provide new ideas and methods
for future clinical treatment.

3.3.3 | OEVs for retinal degeneration repair

OEVs secreted by late‐stage retinal organoids expressed
higher biomarkers than those of early‐stage retinal
organoids. Importantly, OEVs secreted by retinal orga-
noids expressed higher differential expression of retinal
function‐related proteins and EV biogenesis proteins
than that of hUCMSC‐derived EVs, indicating their
enhanced therapeutic potential in the treatment of ocular
diseases.

Retinal degeneration (RD) involves irreversible vision
loss due to retinal pigment epithelium or neuron damage.
Gao et al.56 demonstrated that OEVs secreted by human
retinal organoid‐derived retinal progenitor cells (hERO‐
RPC) showing unique capabilities in immune modula-
tion, retinal development, and lipid metabolism regula-
tion compared to human embryonic stem cells (hESC)‐
EVs (Figure 7A). Specifically, hESC‐EVs contained
higher levels of proteins linked to angiogenesis and cell
cycle, whereas hERO‐RPC‐EVs were abundant in pro-
teins related to immune regulation and retinal develop-
ment. Notably, hERO‐RPC‐EVs showed less association
with cell proliferation and exhibited a distinctive capacity
to modulate lipid metabolism compared to hESC‐EVs.

Furthermore, Huang et al.51 found that hERO‐RPC‐
sEVs, when transplanted into RCS rats, significantly
protected retinal structure and function by suppressing
Müller cell gliosis and promoting their early dedifferen-
tiation (Figure 7B). The therapeutic effects were attrib-
uted to miRNAs within the sEVs, particularly miR‐21‐5p
and miR‐92a‐3p, which downregulated the expression of

NFIB, a gene critical for Müller cell fate determination.
This discovery highlights the potential of hERO‐RPC‐
sEVs as a novel cell‐free therapy for retinal degenera-
tive diseases.

4 | ORGANOID‐TISSUE EVS (OTEVS)

4.1 | The biogenesis and structure of
OTEVs

TEVs isolated from the interstitial space of tissues have a
more realistic and complex microenvironment and a
richer source of information than cell lines, so they can
accurately represent the physiological and pathological
conditions of the tissue microenvironment, becoming a
hot direction for revealing disease mechanisms,
improving diagnostic accuracy, identifying therapeutic
targets, and advancing cell‐free therapeutic methods.24,46

However, the difficulty in obtaining tissues has hindered
their rapid development. The development of organoids
has made up for the limitations of tissue development
and has become an innovative tool.57–60 OEVs can be
isolated from the supernatant of organoid culture and
have been shown to be close to the real complex micro-
environment, as well as a rich source of information.51,56

Therefore, they can be widely used to represent the
physiological and pathological conditions of the tissue
microenvironment. Although OEVs are very close to
TEVs and overcome the problem of tissue origin, they
cannot directly reflect microenvironmental clues like
TEVs. To solve this problem, we proposed the concept of
OETVs, which are present in the interstitium of organo-
ids. OTEVs effectively address the significant challenges
associated with the limited availability of TEVs and also
overcome the shortcomings of OEVs in not being able to
directly reflect the state of the tissue microenvironment.
OTEVs are also derived from mammalian cells, thus their
biogenesis and structure are similar to those of MEVs.

4.2 | The isolation of OTEVs

OTEVs are derived from the organoid interstitium, which
is different from OEVs derived from organoid superna-
tant. Therefore, OTEVs are a type of EVs that more
directly reflect the state of the tissue microenvironment
compared to OEVs. Here, we summarized a set of OTEV
isolation methods based on the separation protocol of
OEVs and TEVs (Figure 8). The process for isolating
OTEVs begins with a fresh organoid system, followed by
collection of the organoid tissue. Subsequent steps are

LIU ET AL. - 9 of 15



similar to those for extracting TEVs. In brief, a gentle
dissociation is performed, which may involve homoge-
nization or enzymatic digestion at 37°C for less
than 1 hour. The mixture was then filtered through a
70 μm pore‐sized filter and subjected to differential
centrifugation at 4°C, first at approximately 500–3000 � g
for 0–30 min, then at 10–14,000 � g for over one hour.

Subsequently, the solution was filtered through a 0.22 μm
pore‐sized filter and/or a 100 KDa ultrafiltration mem-
brane. Final purification was achieved by high‐speed
centrifugation at greater than 100,000 � g at 4°C,
repeated twice for over more than 1 hour. The resulting
OTEVs can be stored at −80°C or used immediately for
various applications.

F I GURE 7 The application of OEVs. (A) Induction of retinal organoids and isolation of EVs derived from hESCs and hERO‐RPCs.
(B) Isolation of hERO‐RPCs and hERO‐RPC‐sEVs, and the application of hERO‐RPCs‐sEVs on retinal. The figure was created using
https://app.biorender.com/.
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4.3 | The significance of OTEVs

We have previously summarized the application of TEVs
and OEVs (Table 1). Then, we introduced the concept of
OTEVs. The proposed concept of OETVs marks a sig-
nificant advancement in the field of biomedical research.
This innovative approach may greatly enhance our ability
to reveal the pathogenesis of complex diseases, guiding
both diagnosis and treatment strategies with unprece-
dented precision. By harnessing the unique characteris-
tics of OETVs, researchers and clinicians may be able to
develop more personalized approaches to medical care
tailored to individual patient needs and conditions. This
could lead to a new era of precision medicine, where
treatments are designed to target the specific genetic and
molecular profiles of a patient's disease. The integration
of organoid technology and EVs research promises to
unveil a new dimension in biomedical science with far‐
reaching implications for the future of healthcare and
disease management. This synergy could potentially lead
to the development of novel therapeutic interventions
that target specific disease processes, improving patient
outcomes and quality of life.

The introduction of the concept of OTEVs does
represent a major innovation in the field of EVs
research. Specifically, OTEVs can not only enhance the
understanding of disease mechanisms but also help to
elucidate elusive and complex disease processes, thereby

improving our understanding of disease pathogenesis.
In addition, OTEVs can serve as more specific and
sensitive biomarkers for various diseases, thereby
improving the accuracy of disease diagnosis. OTEVs can
also be used to develop more targeted and personalized
treatments. By bridging the gap between basic research
and clinical applications, OTEVs can promote the
translation of laboratory discoveries into actual clinical
solutions. In summary, the concept of OTEVs has the
potential to have a significant impact on the field of
EVs research by providing a more accurate representa-
tion of the tissue microenvironment. This innovation
can enhance the understanding of disease mechanisms,
improve diagnostic accuracy, target therapeutic strate-
gies, and promote translational research. We believe
that OTEVs will play a key role in future biomedicine
and healthcare.

Importantly, the classification of EVs has been
expanded to include a diverse range of sources and
types61 (Figure 8). Under the broad categorization of
EVs, there are plant‐derived EVs (PEVs),62–66 BEVs,67–71

and MEVs.72 In the current system, MEVs can be
further divided into TEVs, OEVs, and OETVs
(Figure 9). This detailed classification system allows for
a more nuanced understanding of the roles and func-
tions of EVs in health and disease, paving the way for
targeted therapeutic strategies and personalized treat-
ment plans.

F I GURE 8 Isolation of OTEVs. The isolation of OTEVs starts with a fresh organoid, followed by tissue collection and a dissociation
process at 37°C for under 1 hour. The mixture was filtered through a 70 μm filter, then subjected to differential centrifugation at 4°C.
Further purification was done using a 0.22 μm filter or 100 KDa ultrafiltration membrane, and high‐speed centrifugation at >100,000 � g.
The purified OTEVs were either stored at −80°C or used right away for applications. The figure was created using https://app.biorender.
com/.
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5 | CONCLUSION

EVs play a crucial role in intercellular communication,
influencing both physiological and pathological pro-
cesses. While TEVs provide valuable insights into the

tissue microenvironment, their utility is limited by the
challenges associated with tissue sampling. In addition,
OEVs offer a promising alternative, providing a more
physiologically relevant model for studying disease
mechanisms compared to traditional 2D cultures.

TABLE 1 Recent applications of TEVs and OEVs.

Classification Source Function References

TEVs Tumor tissue Reflect molecular subtypes of bladder cancer 40

Epicardial adipose Reflect pathogenesis of cardiovascular diseases 41

Alzheimer's disease brain Reveal altered synapse‐related proteome and induce cognitive
impairment

42

Alzheimer's disease brain Reveal new marker proteins through quantitative proteomics and
machine learning techniques

43

Hepatocyte‐derived tissue Safeguard liver regeneration and support regenerative therapy 45

Skeletal muscle Transport glycolytic enzymes to treat disuse osteoporosis 46

Adipose tissue Aggravate temporomandibular joint osteoarthritis associated with
obesity

18

OEVs Intestinal organoids Modulate inflammatory responses and inhibit LPS‐induced cytokine
production

53

Salivary gland organoids Ameliorate salivary glands epithelial damage 54

Epidermal organoids Improve wound healing by promoting cell proliferation, migration and
angiogenesis

55

Human retinal progenitor cells
organoids

Regulating fatty acid metabolism to prevent retinal pigment epithelial
damage caused by lipid overload

56

Human retinal stem cells organoids Protect retinal structure and function by suppressing Müller cell
gliosis and promoting their early dedifferentiation

51

F I GURE 9 Classification of extracellular vesicles. Within the extensive classification of EVs, they are derived from various sources
including PEVs, BEVs, and MEVs. MEVs are further categorized into three subtypes: TEVs, OEVs, and OTEVs.
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However, OEVs lack the direct reflection of the tissue
microenvironment that TEVs provide. To bridge this gap,
OTEVs have emerged as a novel approach, combining the
advantages of both OEVs and TEVs. OTEVs offer a
unique opportunity to accurately represent the tissue
microenvironment, thereby enhancing our understand-
ing of complex diseases and potentially leading to inno-
vative therapeutic strategies. By integrating the strengths
of TEVs, OEVs, and OTEVs, researchers can advance
translational research and improve their ability to di-
agnose and treat complex diseases.
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