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Abstract. Malignant tumors remain a major global health
challenge. Despite substantial improvements in survival rates
for patients with cancer, a translational bottleneck persists,
which hinders the clinical application of abundant experi-
mental and preclinical findings. This issue reflects the inherent
complexity and heterogeneity of tumors and highlights the
urgent need for more clinically predictive tumor models.
Over the past decade, growing evidence has highlighted the
pivotal roles of extracellular vesicles (EVs) and organoids in
cancer research. EVs function as stable carriers of intercel-
lular communication, transporting key signaling molecules
that regulate tumor growth, migration and angiogenesis.
Organoids are three-dimensional (3D) cell culture models
grown in an extracellular matrix that can be co-cultured with
different cell types to mimic complex cellular interactions
within a 3D environment. Increasingly, organoid and other 3D
culture models are being used to study the physiological and
pathological functions of EVs. In the present review, the clas-
sification, characteristics and functions of EVs in oncology are
systematically outlined and the application of organoid models
in cancer therapeutics are highlighted. Furthermore, the inte-
gration of organoids with EVs-based approaches is explored as
an emerging research direction in oncology. Finally, the chal-
lenges and future opportunities for combined organoid-EVs
models are discussed. The review aims to provide insights into
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organoids and EVs that may help to drive innovation in the
development of cancer treatment strategies.
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1. Introduction

Cancer remains a major global health concern and a leading
cause of mortality worldwide. It is characterized by uncon-
trolled cell proliferation, driven by cancer cells that have
developed novel mechanisms to regulate their own growth
and differentiation (1). Tumor development and metastasis are
sustained by complex interactions within the tumor micro-
environment (TME), involving both cancer-cell-intrinsic
factors and stromal components. Therefore, elucidation of
these intercellular communication networks is essential for
understanding tumor biology (2).

Extracellular vesicles (EVs) are now recognized as
crucial mediators of cell-to-cell communication in cancer.
Substantial evidence demonstrates that EVs are secreted by
virtually all cells within the TME and facilitate the transfer
of various biological macromolecules. As specialized carriers
of intercellular signals, EVs contribute to critical oncogenic
processes such as cell proliferation, metastasis and epithe-
lial-mesenchymal transition. Given their multifaceted roles in
the modulation of tumor behavior, EVs show great promise
as clinical biomarkers and novel platforms for cancer thera-
peutics, paving the way for improved diagnostic and treatment
strategies (3.4).

Previous research on EVs has largely utilized two-
dimensional (2D) monolayer cultures, with EVs derived
from three-dimensional (3D) models remaining relatively
underexplored. Organoids, as in vitro 3D culture systems,
recapitulate the complex architecture and biological processes
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of in vivo tumors. This makes them a powerful tool for cancer
research and provides a novel option for clinical studies in
tumor biology (5,6). The complexity of the TME is fueling
growing interest in organoid-derived EVs. These models hold
considerable potential for simulating tumor-specific intercel-
lular communication and warrant further investigation (7,8).
Research into the clinical applications and challenges of
integrating organoids with EVs is expected to contribute to the
development of tumor biobanks, novel therapeutic strategies
and precision oncology.

In the present review, the biogenesis and isolation methods
of EVs are delineated, and their advantages and functions in
tumor research are described. In addition, the potential of
organoids as promising models for investigating the TME
is discussed. Furthermore, recent advances in EVs derived
from tissue organoids are summarized and the prospects and
challenges of integrating organoid and EVs models for cancer
therapy are discussed.

2.EVs

Origin and classification of EVs. EVs have been extensively
studied over the past few decades, but their therapeutic applica-
tions have emerged more recently. Understanding the history
of EV discovery is essential for appreciating their biological
importance and for guiding the development of new thera-
peutic strategies. The discovery of EVs dates back to 1946,
when Chargaff and West (9) identified platelet-derived parti-
cles, termed ‘platelet dust’, in the blood. This was followed by
the identification of cell-derived vesicles in mouse cartilage by
Anderson in 1969 (10). In 1996, Raposo et al (11) demonstrated
that B-cell-derived exosomes contain MHC class II molecules
and can directly induce T-cell responses. Subsequent studies
revealed that T cells release EVs carrying bioactive ligands,
such as Fas and TNF-related apoptosis-inducing ligand,
indicating a crucial role in immune regulation. EVs perform
diverse immune functions by interacting with recipient cells via
their surface proteins or by delivering bioactive cargo, thereby
altering the functional properties of the recipient cells (12).
Unlike classical signaling mechanisms based on direct cell
contact or secreted factors, EVs provide a distinct mode
of intercellular communication, with the ability to transfer
proteins and RNA to directly modulate cellular functions (13).
These findings have highlighted the crucial importance of
EVs in cell signaling and suggested new strategies for disease
diagnosis and treatment.

EVs are phospholipid bilayer-enclosed particles, which
are released by diverse cell types under both physiological
and pathological conditions and have been detected in tissues
and bodily fluids, including serum, cerebrospinal fluid, saliva
and urine (14). Cells package signaling molecules, including
proteins, lipids and nucleic acids, into EVs. This packaging
protects the molecules from degradation and enables them
to evade immune surveillance, thereby facilitating local and
long-distance intercellular communication (15).

Recent advances in EV isolation and characterization have
led to the discovery of a growing number of EV subtypes.
Most mammalian cells, which typically measure 10-100 ym
in diameter, release a heterogeneous population of EVs, along
with non-vesicular extracellular nanoparticles (NPs). The

overlapping size ranges of EVs and NPs makes it challenging
to differentiate between them. Well-characterized EVs types
include exosomes, which are generated via the endocytic
pathway and are released into the extracellular space when
multivesicular endosomes fuse with the plasma membrane;
microvesicles, which form through the direct outward budding
and fission of the plasma membrane; and apoptotic bodies, which
are released from cells during programmed cell death, specifi-
cally apoptosis (16). Among these, the term exosome is the most
widely used and studied. However, due to a lack of well-defined,
category-specific markers, exosomes and microvesicles can
typically only be definitively distinguished by confirmation of
their distinct biogenesis pathways, often using techniques such
as cryo-transmission electron microscopy (17).

EVs are classified into six main types based on their
biogenesis, size and molecular markers. Exosomes, 30-150 nm
in diameter, are formed within multivesicular vesicles
(MVBs) through the endosomal pathway and are released
upon MVB fusion with the plasma membrane. The main
molecular markers for exosomes are tetratrans proteins
(such as CD9, CD63 and CD81), tumor susceptibility gene
101 protein, alix and heat shock protein (HSP)70/90 (18).
Microvesicles, 100-1,000 nm in diameter, directly bud from
the plasma membrane by outward blebbing, which is depen-
dent on cytoskeletal rearrangements and calcium influx. The
main molecular markers for microvesicles are annexin Al
and A2 (19). Apoptotic body, 500-4,000 nm in diameter, are
released during apoptosis as fragmented portions of the dying
cell. The main molecular markers for apoptotic bodies are
annexin V, phosphatidylserine and caspases (20). Migrasomes,
0.5-3.0 pm in diameter, are a subtype of EVs that are released
from the elongated membranous structure at the tail of cells
during migration. First reported in 2015, they were named due
to their close association with cell migration. The hallmark
proteins of migrasomes are tetraspanin-4 and -7, which may
help cells eliminate damaged organelles such as mitochondria,
promoting the release of cellular contents (including protein,
mRNA and miRNA) for absorption by recipient cells (21).
Large oncosomes are atypically large EVs (1-10 gm in
diameter) that arise from non-apoptotic membrane blebbing.
This process can be triggered through silencing of diapha-
nous-related formin-3 and overexpression of oncoproteins such
as protein kinase B, heparin binding-epidermal growth factor
and caveolin-1 (22). Compared with the large EVs, the small
ectosomes (<100 nm) has a notably higher percentage of CD9-
and CD81-positive particles (23). A summary of the detailed
types and classifications of EVs is provided in Table I (18-23).

Separation of EVs. EVs are secreted by cells into their
surrounding environment and exist as a variety of types,
including exosomes, microvesicles and apoptotic bodies.
As different types of EVs perform distinct biological func-
tions, their study is inherently dependent on the isolation
and purification of specific EVs subpopulations. This section
summarizes the principles, advantages and disadvantages of
various EVs isolation methods (Table II) (24-35).

The choice of isolation and purification methods directly
determines the yield, purity and physicochemical properties
of the obtained EVs. Consequently, selecting a method that is
efficient, convenient and reliable based on the characteristics
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Table I. Classification of EVs.
Category of
Type EVs Size, nm Biogenesis Molecular markers (Refs.)
Exosomes Small 30-150 Multivesicular Tetraspanin protein family: (18)
endosomes CD63, CD81 and CD9;
ESCRT-related proteins:
Alix and TSG101; HSPs:
HSP70 and HSP90
Microvesicles Medium/large 100-1,000 Ectosomes Annexin Al and A2, and (19)
o-actinin 4
Apoptotic bodies Large 500-5,000 Apoptosis Annexin V, phosphatidylserine, (20)
caspases
Migrasomes Large 500-3,000 Retraction fibers TSPAN4 and TSPAN7 (21)
Large oncosomes Large 1,000-10,000 Ectosomes ARF6, V-ATPase G1,CK18 22)
and annexin Al
Small ectosomes Small 30-150 Ectosomes CD147 and CD9 (23)

All EV classes possess a lipid bilayer membrane. Alix, ALG-2-interacting protein; ARF6, ADP-ribosylation factor 6; CK18, cytokeratin 18;
ESCRT, endosomal sorting complex required for transport; EVs, extracellular vesicles; HSP, heat shock protein; TSG101, tumor susceptibility
gene 101; TSPAN4, tetraspanin-4; TSPANT7, tetraspanin-7; V-ATPase, vacuolar-type ATPase.

Table II. EVs separation methods.

Separation method Advantages Disadvantages (Refs.)
According to EV size
Ultracentrifugation Density gradient Induce EV aggregation and morphological alterations, (24,25)
differences potentially modifying their composition and phenotype
Size exclusion Suitable for removing Limited recovery rate, typically reducing the total (26)
chromatography protein aggregates and particle number by approximately half
lipoprotein particles
High-performance Maintains the integrity and Limited resolution and sample capacity, and inability 27
liquid chromatography biological activity of to completely remove specific contaminants
exosomes; high sample
purity with low co-
precipitation
Protein organic solvent ~ Novel and inexpensive Reduces cell viability in vitro (28)
precipitation method of rapidly isolating
EVs from small volumes
of human blood plasma
According to EVs
surface protein markers
Tangential flow High-throughput filtration Isolated EVs may be contaminated with proteins and (29,30)
filtration method for the reliable lipid droplets; often requires additional purification
and specific separation steps to achieve high purity
of exosomes in biological
fluids
Tangential flow for Novel method for isolating Membrane adsorption and sample loss; inherent size- 3D
analyte capture micro- and nano-scale based limitations and restricted resolution
species
Heparin sulfate Enhances the purification Some proteins in media and biofluids can bind heparin (32)

proteoglycan

efficiency of EVs with
lower contamination levels
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Table II. Continued.

Separation method Advantages Disadvantages (Refs.)
According to other
features
Microfluidic technique Standardized and rapid Limited clinical applicability due to low isolation 33)
method that can be throughput
adjusted for EVs from
different cell sources
Flow cytometry Primary technique for EV Limited fluorescence sensitivity 34)
analysis and detection of
specific subtypes
Polymer precipitation Simple, robust and cost- Non-specific co-precipitation 35)

method effective method; success-
fully yields large
quantities of EVs from

natural killer cells

EV, extracellular vesicle.

of the target EVs is essential. However, common isolation
methods often fail to completely eliminate soluble contami-
nants and non-vesicular particles from cell culture supernatants
or biological fluids. Therefore, it is necessary to develop novel
isolation strategies that offer high specificity, purity and scal-
ability for large-scale production. Established methods for EVs
isolation can be broadly categorized into several categories.

Separation according to size. Ultracentrifugation remains the
predominant method for EV isolation, enabling the separation
of vesicles based on size and density, often through sucrose or
iodixanol density gradients (36). However, this technique can
introduce undesirable artifacts, including EV aggregation and
morphological alterations, which may affect vesicular integrity,
composition and biological activity (24,37). A further limita-
tion is that ultracentrifugation alone may not fully eliminate
contamination from non-vesicular components. To mitigate
these issues, methods combining ultracentrifugation with other
techniques have been developed. For example, combining
ultracentrifugation with cryo-electron microscopy and immu-
nogold labeling has been shown to preserve EVs diversity and
prevent aggregation (38). Similarly, ultracentrifugation can
be combined with filtration techniques, including tangential
flow filtration (TFF) and microfluidic filtration, to reduce
contaminants and enhance separation efficiency (39,40).
Several complementary methods are available for EV
isolation, including density gradient centrifugation, size
exclusion chromatography (SEC), high-performance liquid
chromatography and integrated or combination strategies.
SEC is particularly effective at removing protein aggregates
and lipoprotein particles; however, its recovery rate is limited,
typically reducing the total particle number by approximately
half (41,42). Furthermore, SEC is unsuitable for initial volume
reduction during EV extraction, such as in the isolation of
EVs from cell culture supernatants (43). In addition, TFF
is a high-throughput method for the efficient and selective

separation of EVs from biological fluids. It has been used as an
early purification step following the removal of cellular debris
via low-speed centrifugation and filtration through 0.22-ym
membranes (44). Another promising method for the rapid
isolation of EVs is protein organic solvent precipitation, which
effectively removes soluble protein contaminants and yields
EVs of higher purity compared with TFF, demonstrating
potential for clinical translation (45).

Separation according to surface protein markers. The
heterogeneity of EVs encompasses subpopulations charac-
terized by specific surface markers, enabling their selective
isolation. For example, HSPs commonly found on EVs
derived from cancerous or infected cells enable targeted
capture. Virucine peptides have been shown to exhibit high
efficiency in the isolation of HSP-bearing EVs from diverse
sources, including cell culture media, plasma and urine (46).
Heparan sulfate proteoglycan, a cell surface receptor involved
in various biological processes, can also be used to enhance
EVs purification. For example, when conditioned media from
293T cells was mixed with heparin-coated agarose beads
following ultracentrifugation, an EVs recovery rate of 60% was
achieved (47). This method also reduces contamination while
preserving EVs-associated proteins and other biomarkers (48).

TFF operates on the principle of parallel fluid flow across
a membrane to reduce clogging. This technique is superior
to traditional ultracentrifugation as it effectively maintains
both high separation efficiency and the biological integrity of
EVs. Tangential flow for analyte capture (TFAC) is a novel
method built upon TFF. It enables the selective capture of
target exosomes using functionalized membranes modified
with specific antibodies, integrating both the capture and
elution steps into a single process. This streamlined process
minimizes impurities, enables the rapid processing of small
clinical samples and yields high-purity exosomes. Due to its
efficiency, scalability and preservation of EV bioactivity, TFAC
is emerging as a promising method for EVs isolation (31).
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Figure 1. Schematic overview of the advantages and therapeutic potential of EVs. Certain nucleic acids and proteins are transported by EVs, which can
be used as biomarkers for disease diagnosis. The targeting specificity of EVs toward particular cell types can be enhanced through genetic engineering or
click-chemistry approaches. Also, EVs present multiple antigens that can induce immune tolerance, positioning them as a novel therapeutic strategy. EVs,
extracellular vesicles; MHC, major histocompatibility complex; MVB, multivesicular body; PD-1, programmed cell death protein 1; PD-L1, programmed cell

death-ligand 1; siRNA, small interfering RNA; TCR, T cell receptor.

These advancements address challenges in the the mass
production of EVs for clinical translation and help the tran-
sition from qualitative research to translational applications,
thereby opening new avenues for regenerative medicine, drug
delivery and liquid biopsy (44).

Separation according to other features. Flow cytometry is
a key technique for analyzing and separating EVs. Following
initial isolation by methods such as ultracentrifugation, it
enables the quantification of EVs from various sources using
fluorescent markers such as carboxyfluorescein succinimidyl
ester and lipid-specific dyes. This technique is widely
used to identify and characterize specific EVs subtypes. It
employs antibody-fluorophore conjugates that target specific
membrane antigens, allowing the detection and classification
of individual particles based on their fluorescence character-
istics, thereby enabling immunophenotyping and subgroup
classification (41,49).

Immunological methods provide an alternative strategy
for the isolation of EVs, particularly those derived from
antigen-presenting cells (APCs), which release immuno-
modulatory EVs characterized by high levels of major
histocompatibility complex II (MHCII) expression. Using
immunomagnetic beads, exosomes can be efficiently enriched
from cell-free supernatants, thereby accelerating the analysis
of APC-derived EVs (42). In addition, microfluidic technology
has been developed to capture CD41-positive exosomes on
mica-coated surfaces using specific antibodies. Although
this method allows the rapid and standardized isolation of
EVs from various cell types, its clinical application is limited
by its small-scale processing capacity. Furthermore, given

the overlapping physical properties of EVs and viruses, a
CD45-based immunodepletion approach has been devel-
oped to specifically remove HIV particles without affecting
CD45-positive EVs (50). Finally, polymer precipitation repre-
sents a cost-effective and robust technique for large-scale EV
isolation. Although its use in clinical settings is limited, it has
been successfully applied to obtain substantial quantities of
functional EVs from natural killer (NK) cells in vitro (51).

Advantage of EVs in cancer research. The type and quantity
of EVs reflect the physiological and pathological states. A
large body of research has focused on exploring the potential
benefits and therapeutic applications of EVs in malignant
tumors (Fig. 1).

Low immunogenicity and toxicity. EVs offer key advantages
over alternative delivery systems due to their low immuno-
genicity and minimal cytotoxicity. As EVs can be isolated
from endogenous cellular sources, they trigger negligible
immune responses, making them highly suitable for drug and
gene delivery in tissue repair and regenerative medicine (44).
The encapsulation of therapeutic agents within EVs not
only reduces systemic toxicity but also enhances bioavail-
ability by minimizing the immune-mediated clearance of
the cargo prior to it reaching target tissues. For example, in
a mouse model of pancreatic cancer, small interfering RNA
(siRNA) delivered via exosomes demonstrated greater efficacy
and fewer side effects than was achieved using NP-based
delivery systems (52). By contrast, numerous nanomedicines
undergo rapid immune clearance, which limits their clinical
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effectiveness. Furthermore, the low immunogenicity and cyto-
toxicity of EVs enable large-scale use without typical toxic
side effects. Studies have shown that artificial EVs injected
into mice do not cause adverse reactions, highlighting their
potential as therapeutic tools and providing a strong founda-
tion for the clinical application of EV-based therapies (45).

Engineering EVs as potential drug delivery vehicles. EVs
outperform liposomes in terms of drug delivery efficiency
while maintaining low immunogenicity and toxicity. Although
liposomes share a similar lipid bilayer structure with EVs and
have been used as drug carriers for decades, they predomi-
nantly accumulate in liver and spleen macrophages, resulting in
rapid clearance and reduced therapeutic efficacy. By contrast,
EVs possess endogenous surface proteins that help them to
evade immune detection, thereby extending their circulation
time (53). For example, studies have shown that EVs loaded
with porphyrins via electroporation, saponin treatment or
dialysis exhibit higher loading efficiency compared with that
of liposomes, highlighting the advantages of EVs as superior
drug delivery carriers (54).

As aforementioned, EVs are membranous particles
secreted by living cells into the extracellular space, where
they play a key role in intercellular communication. Owing
to their stability, broad tissue distribution and ability to cross
biological barriers, EVs are emerging as promising drug
delivery vehicles. They can encapsulate a diverse range of
biological molecules, including microRNAs (miRNAs/miRs),
siRNAs and recombinant proteins, that are otherwise difficult
to deliver intracellularly without a carrier. Engineered EVs
provide a targeted solution for the delivery of such molecules
to specific sites (55,56).

Two primary strategies are used to direct EVs to cancer cells
and enhance their accumulation at the tumor: i) Engineering
the parent cells prior to EVs isolation and ii) directly modi-
fying the membrane of purified EVs. Both approaches aim to
improve the targeting specificity and efficacy of EVs-based
delivery. For example, a fusion protein composed of apoptin
and the EVs membrane protein CD9 was expressed in parent
cells using light-responsive cleavable peptide linkers. This
fusion protein was encapsulated within EVs, enabling the
light-triggered release of apoptin (57). In another example,
adipose-derived mesenchymal stem cells were transfected
with a miR-122 plasmid to produce miR-122-enriched EVs.
Intratumoral injection of these EVs increased the sensitivity of
liver cancer cells to sorafenib (58).

As lipid-bound nanostructures, EVs naturally incorporate
transmembrane proteins and surface glycans, including glyco-
lipids. These native components act as natural anchoring sites
for functionalizing EVs via genetic engineering or biocon-
jugation techniques. A wide range of bioactive molecules,
including fluorescent probes, targeting peptides, therapeutic
drugs, nanobodies and aptamers, can be displayed at these
sites. For example, the GEl1 peptide, which binds both
epidermal growth factor receptor (EGFR) and platelet-derived
growth factor receptor, was successfully expressed on the
surface of engineered EVs derived from 293 cells, enabling
targeted delivery to breast cancer cells with high levels of
EGFR expression (59). In another approach, glycosylation, a
common post-translational modification, was incorporated
into a lysosome-associated membrane protein 2b-targeted

peptide fusion protein. This modification improved the
stability of the peptide and enhanced its expression in both
parent cells and EVs, thereby increasing targeting efficiency
toward neuroblastoma cells (60).

EVs in tumor immunotherapy. EVs are released by nearly
all cell types and play a crucial role in disease progression and
pathogenesis by transporting signaling molecules, including
proteins, lipids, mRNAs, miRNAs and other bioactive
substances. As they can be sampled by minimally invasive
procedures, EVs show considerable potential as clinically
useful biomarkers (61). Tumor development is influenced by
dynamic interactions between tumor cells and immune cells
within the TME. Tumor cell-derived EVs (TDEVs) contribute
to the modulation of immune responses by transferring
macromolecules to recipient cells, thereby acting as carriers
of immune signals and contributing to immune surveil-
lance (62). For example, TDEVs can promote immune evasion
by suppressing the co-stimulation of T cells and dendritic cells
(DCs), thereby conferring resistance to immune checkpoint
inhibitor (ICI) therapies (63). In hepatocellular carcinoma, EVs
secreted by hepatocytes deficient in the gluconeogenic enzyme
fructose-1,6-bisphosphatase 1 have been shown to target
infiltrating NK cells, resulting in their dysfunction and deple-
tion, which facilitates immune escape and tumor progression
through remodeling of the immune microenvironment (64,65).

Conversely, EVs can also support antitumor immunity.
NK cell-derived exosomes can deliver cytotoxic agents
such as perforin and granzymes, which directly induce the
lysis of melanoma cells (66). In addition, EVs derived from
MHCII-expressing DCs can induce antigen-specific CD4*
T-cell activation (67). Furthermore, it has been reported
that bone marrow DC-derived EVs regulate allograft rejec-
tion in vivo, and the intravenous administration of donor
DC-derived EVs has been shown to delay acute rejection in
rats receiving a heart transplant (68).

Exosomes are nanocapsules enriched in MHCII molecules
and secreted by B-lymphoblast-like cells. They play a crucial
role in intercellular communication, particularly in processes
such as tumor angiogenesis and cell differentiation. Advances
in exosome production and purification have enhanced their
potential as versatile platforms for drug delivery, antigen
presentation and biologically targeted therapy. Consequently,
immune cell-derived exosomes are now widely regarded as
efficient and natural nanocarriers capable of trafficking to
target cells and modulating immune responses within the
TME (69). The application of immune cell-derived exosomes
in immunotherapy and vaccine development has been
explored under both physiological and pathological condi-
tions (70). ICI therapy is a well-established approach in tumor
immunotherapy, which significantly increases life expec-
tancy in some patients. However, only a minority of patients
achieve clinical benefit, highlighting the need for reliable
predictive biomarkers (71). Programmed cell death protein
1 (PD-1)/programmed cell death-ligand 1 (PD-L1) inhibitors
function by restoring the ability of suppressed T cells to recog-
nize and kill tumor cells (71). Given the crucial role of EVs in
tumor immune regulation, a combination of EVs and PD-L1
has been proposed as an effective biomarker for predicting
patient response to ICI therapy. Notably, a clear dissociation
has been observed between tissue-based and EV-based PD-L1
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detection: while PD-L1 in tissue shows no association with
survival, PD-L1 expression on circulating EVs reliably
predicts survival in patients with non-small cell lung cancer
(NSCLCQ). This dynamic, EV-based measurement offers a
superior predictive model for the identification of patients
who are likely to respond to ICI treatment and experience a
survival benefit (72). In a study of 71 patients with metastatic
melanoma (MM), circulating PD-L1* and PD-1* EVs were
associated with responsiveness to ICI therapy. Circulating
PD-1* EVs, in particular, were implicated as a driving factor
for resistance to anti-PD-1 therapy, suggesting a role in the
stratification in patients with MM (73). These findings suggest
that a comprehensive understanding of the biological roles of
EVs within the TME is essential for effective cancer treatment
and the development of effective cancer immunotherapies.
Furthermore, the inhibition of EVs secretion pathways is
currently being investigated as a therapeutic strategy (74).
Combining targeted therapy that disrupt EV signaling with
anti-PD-L1 therapy may potentially be more effective than
anti-PD-L1 monotherapy

3. 3D cell cultures as prospective models to study EVs in
cancer

Potential advantages of 3D cultivation over traditional 2D
models. Historically, 2D cultures of primary cells and tumor
cell lines have been widely used in cancer research and
have provided valuable insights into tumor development and
therapeutic mechanisms. However, 2D culture systems have
inherent limitations, including an inability to recapitulate the
genetic and phenotypic heterogeneity of tumors or accurately
mimic the complex in vivo microenvironment (75). To more
accurately model human tumor biology, 3D organoid culture
systems have been developed. Organoids are self-organizing
spheroidal structures derived from cancer stem cells or
organ-specific progenitors with a 3D extracellular matrix.
They exhibit self-renewal and differentiation capacity, while
maintaining genetic and phenotypic stability over extended
culture periods (76). By more closely recapitulating the struc-
ture and functional characteristics of primary tumor tissues,
organoids have emerged as powerful tools in both basic and
clinical cancer research. Their accessibility and experimental
versatility make them particularly valuable for studying tumor
immunity and mechanisms of drug resistance.

The limited predictive power of traditional in vitro models
presents a major obstacle to the development of effective cancer
immunotherapies. However, advances in 3D organoid-immune
cell co-culture systems have enabled the establishment
of immunocompetent tumor models that more accurately
recapitulate the patient-specific TME. These models have
transformed preclinical evaluation by enabling the functional
screening of both immunotherapeutic and chemotherapeutic
agents under conditions that mimic in vivo biology. Their
application is exemplified by a study of prostate cancer in
which the co-culture of organoids with cancer-associated
fibroblasts (CAFs) demonstrated that CAF-derived neuregulin
1 promotes resistance to androgen therapy via HER3 activa-
tion in tumor cells (77). Similarly, Sebrell et al (78) showed
that co-culturing monocyte-derived DCs with gastric cancer
organoids enables patient-derived organoids (PDOs) to recruit
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chemokines and DCs, thereby participating in immune surveil-
lance during Helicobacter pylori infection. In another study,
Dijkstra et al (79) demonstrate that co-cultures of autologous
tumor organoids and peripheral blood lymphocytes can be used
to enrich tumor-reactive T cells from the peripheral blood of
patients with mismatch repair-deficient colorectal cancer and
NSCLC. This may provide a basis for individualized treatment
of T cells in patients with cancer. Collectively, these advances
in organoid-immune cell co-culture technology are crucial
for advancing tumor immunotherapy, enabling more precise
investigation of tumor-immune interactions and offering
valuable insights to inform clinical treatment strategies.

Applications of 3D model cultures in EV generation.
Colorectal cancer organoids have been demonstrated to secrete
significantly higher quantities of EVs than their conventional
2D-cultured counterparts (80). In colorectal cancer organoids,
APC mutations that activate the Wnt pathway further promote
EVs secretion in Matrigel-based cultures, a process that has
been suggested to be facilitated by collagen, a key extracel-
lular matrix component in matrigel (81). Another proposed
mechanism involves the upregulation of specific transporters.
For example, the ATP-binding cassette transporter Gl
(ABCG]1), a cholesterol efflux pump, is highly expressed in
colon adenocarcinoma tumoroids with pronounced stemness
features. Silencing ABCG] inhibits EV release and results in
the intracellular accumulation of vesicles (82).

Furthermore, the 3D architecture of organoids supports
improved cell polarization and spatial asymmetry. Organoids
derived from the LIMI1863 colon carcinoma line have
been shown to secrete two spatially distinct EV subtypes.
Apically released EVs carry epithelial cell adhesion molecule
(EpCAM) and are uniquely enriched in CD63, mucin 13,
sucrase-isomaltase, dipeptidyl peptidase IV and prominin
1. By contrast, basolaterally released EVs contain the A33
glycoprotein and are associated with early endosome antigen
1, ADP-ribosylation factor and clathrin. These findings
demonstrate that EpCAM-positive and A33-positive EVs are
selectively sorted and secreted from the apical and basolateral
membranes, respectively (83). This spatial organization indi-
cates that distinct EV populations carrying different markers
and cargo proteins are released from the apical and basal sides
of cells in 3D culture (84).

Current challenges of combining EVs with organoid models
in the TME. EVs mediate crucial intercellular communica-
tion within the TME by facilitating autocrine and paracrine
signaling between tumor cells and stromal components (85).
Elevated EV levels have been observed in numerous malignan-
cies, where they transport molecular cargo essential for tumor
progression, and serve as potential diagnostic and prognostic
biomarkers (86). Also, in tumor-stromal interactions, EVs
coordinate complex intercellular crosstalk, which has led to
exploration of their applications in drug delivery and targeted
therapies (87).

Organoids, through their 3D structure, recapitulate the
structural and physiological complexity of in vivo tissues more
accurately than do 2D monolayer cultures, and have emerged
as powerful systems for tumor biology, regenerative medicine
and EV research (75). The development of organoid technology
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Figure 2. Synthesis and applications of OEVs. Tumor tissue samples are processed to obtain tissue-derived EVs and to generate organoids via 3D culture. The
EVs transport bioactive molecules, including nucleic acids, lipids and proteins, to target cells. The combination of organoids and EVs yields OEVs, which have
applications in diverse areas, including drug screening, biobanking, personalized medicine, genomic profiling and animal research. 3D, 3 dimensional; EVs,

extracellular vesicles; OEVs, organoid-derived EVs.

has enabled the functional evaluation of EVs in physiologically
relevant 3D models, offers alternative sources for EV produc-
tion and the potential for advancing our understanding of
human diseases (88).

Several studies illustrate the promise of this approach.
For example, in an in vitro aging model, mouse intrahepatic
bile duct-derived organoids co-cultured with exosomes from
human placental mesenchymal stem cells demonstrated the
ability to delay cellular senescence (89). In another study,
Taha et al (90) revealed that matrix metalloproteinase 3
(MMP3) regulates tumor growth and EV integrity; MMP3
knockout disrupted EV structure and function, reduced tumor
organoid proliferation, and suppressed tumor progression,
highlighting the protumorigenic role of MMP3 in the mainte-
nance of organoid and EV integrity. In addition, the similarity
of small RNA profiles of EVs from 3D cervical cancer spher-
oids to in vivo-derived EVs is greater than that of 2D cultures,
underscoring the physiological relevance of 3D models in EV
research (91).

Multiple studies have demonstrated that EVs loaded
with specific miRNAs can regulate immune responses,
chemotherapy resistance and metastatic processes in
various cancers. For example, esophageal adenocarcinoma
(EAC)-derived EVs promote the formation of multilayered
gastric organoids through the delivery of miR-25 and
miR-210, establishing a novel co-culture model of EAC-EVs
with 3D organoids (92). Similarly, ovarian cancer-derived
EVs from malignant ascites and plasma enhance tumor
aggressiveness and organoid growth via the transfer of
miR-1246 and miR-1290 (93). In addition, in a study of
organoids derived from patients with pancreatic ductal
adenocarcinoma, the EVs miRNA profiles of the organoids
revealed significantly upregulated levels of miR-21 and
miR-195, matching those in patient plasma. This further
validates tumor-derived organoids as physiologically
relevant models for the analysis of EVs cargo (94).

Collectively, these findings indicate that tumor-derived
organoids serve as robust platform for analyzing the molecular
cargo of tumor cell-derived EVs. Emerging strategies inte-
grating EVs with organoid models are enhancing our ability
to recapitulate and evaluate dynamic disease processes.
EV-loaded organoid systems provide synergistic advantages
for simulating complex tumor-matrix interactions within the
TME, and studies have leveraged EV-organoid co-culture
platforms to elucidate TME-mediated mechanisms of tumor
progression and therapeutic resistance (95,96).

Overall, tumor organoids are a valuable platform for
studying EVs biology, while EVs enhance the physiological
relevance of organoids in cancer research. Consequently, the
integration of organoid and EVs technologies to generate
organoid-derived EVs (OEVs) holds considerable promise
across multiple research domains (Fig. 2).

4. Current progress and prospects of EVs-organoid
therapies

Tumor-derived EVs are closely associated with key oncogenic
processes, including drug resistance, TME remodeling, angio-
genesis and distant metastasis (83). However, EVs obtained
from conventional cell cultures may not fully capture the
dynamic changes that occur under pathological conditions.
EVs isolated from bodily fluids such as blood, urine, saliva and
cerebrospinal fluid can more accurately reflect disease-related
alterations. Despite this advantage, they only partially repre-
sent tumor-specific changes and are subject to inter-sample
variability. These limitations can be addressed by isolating
EVs directly from tissue samples. Compared with body
fluid-derived EVs, EVs isolated directly from tumor tissues
contain fewer contaminants and originate from a more defined
cellular context. They also enable the study of specific cellular
subpopulations at tumor sites, offering a more precise repre-
sentation of tumor-TME interactions (97). Tissue-derived EVs
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also enable the characterization of physiologically relevant
EVs subsets enriched within the tumor site (98). For example,
one study reported the isolation of EVs from frozen biopsy
samples of primary and metastatic melanoma, achieving high
purity, sensitivity and reproducibility. Genomic and proteomic
analyses of these samples were performed to investigate the
mechanisms by which patient-derived organoid (PDO)-derived
EVs regulate the TME (99). In another study, breast cancer
tissue-derived EVs were shown to retain genetic characteristics
of the original tumor and were capable of promoting diabetic
wound healing by suppressing oxidative stress (100).

The development of organoids is based on stem cell biology
and developmental biology principles, mimicking natural
developmental processes to generate miniature organ structures
composed of lineage-specific cell types. They replicate the
spatial architecture and physiological functions of human tissues
and organs, providing a highly relevant system for modeling both
normal physiology and pathology. As next-generation in vitro
biological models, organoids have emerged as a dynamic and
innovative platform in biomedical research (101).

Despite their considerable potential, current organoid
culture systems face several challenges that limit their wide-
spread application. One major limitation is the general absence
of vascularization in most organoids. As organoids increase in
size, they become constrained by inadequate oxygen supply
and the accumulation of metabolic waste, which can lead to
central necrosis (102). To address this issue, attempts have been
made to construct tumor organoids within a microenviron-
ment comprising vascular endothelial cells or by co-culturing
organoid tumor cells with vascular endothelial cells to
promote the generation of vascular structures (103). Another
limitation is that individual organoid models primarily assess
drug effects on a single target tissue without predicting
potential side effects in other organ systems. This underscores
the requirement for comprehensive organoid biobanks that
enable the systematic evaluation of drug efficacy and potential
toxicity across multiple tissue types (104).

Integrating multiple disciplines and model systems is essen-
tial for advancing the study of disease progression. For example,
3D bioprinting is an emerging manufacturing technology that
offers the potential for constructing heterogeneous cellular
microenvironments. This may accelerate organoid research by
enabling precise, scalable and reproducible fabrication of 3D
cellular structures. Therefore, the combination of organoids
and 3D bioprinting technology may facilitate the development
of functional therapies based on organoid technology (105).
Zhang et al (98) ummarized the biogenesis, structure and isola-
tion mechanisms of OEVs. Compared with conventional EVs,
OEVs can be produced in higher yields and exhibit superior
physiological relevance. Organoids possess stem cell charac-
teristics, and OEVs are capable of delivering active substances,
suggesting that both have potential medical applications. They
can also be engineered to enhance their therapeutic and targeting
properties, showing promise for the treatment of diseases
including inflammatory bowel disease, cancer, retinal disorders
and brain diseases. However, substantial challenges remain.
These include the development of scaled up OEV production
methods to meet clinical demands, the elucidation of the mecha-
nisms by which OEVs promote tissue repair, and establishment
of standardized guidelines for their clinical application.
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5. Conclusions and future perspectives

Intercellular communication is a fundamental mechanism
in cancer progression and metastasis. As key mediators of
cell-cell signaling within the TME, EVs regulate cellular
homeostasis, tumor development, immune regulation and
other pathological processes through their unique mode of
cargo-based information transfer. Growing evidence indicates
that EVs offer substantial advantages over traditional synthetic
carriers, and have important applications as biomarkers and
drug delivery systems in disease diagnosis and treatment.

Conventional 2D cell cultures fail to simulate the complex
cell-cell and cell-matrix interactions characteristic of the
native TME, limiting their translational relevance. By contrast,
organoids as 3D tissue analogs closely mimic the structure
and function of in vivo tissues, providing a more physiologi-
cally representative experimental model. The development
of patient-derived 3D organoid cultures represents a major
advancement, as these self-organizing structures faithfully
replicate the architectural, genetic and phenotypic heteroge-
neity of primary tumors. The use of organoids to investigate
specific EVs functions has broad application potential in
regenerative medicine and oncology. The strategic integra-
tion of EV biology with 3D organoid technology establishes
a novel and powerful research paradigm. Supplementing
organoid cultures with tumor-derived EVs, or co-culturing
tumor organoids with stromal cell-derived EVs, creates more
physiologically relevant models that capture the paracrine and
endocrine signaling networks active in cancer.

The present review has summarized the value of organ-
oids as promising models for studying the TME and tumor
immunity, examined research progress in the combination
of organoid and EVs approaches in malignancies, and high-
lighted emerging applications and challenges associated with
OEVs. However, OEV research remains at an early stage.
Further efforts are necessary to deepen mechanistic under-
standing and optimize culture and isolation methods, thereby
supporting their clinical translation and practical application.
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