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Abstract: Extracellular vesicles (EVs) are small membrane-bound vesicles that are released by cells into the extracellular environ-
ment. The role of EVs in tumors has been extensively studied, and they have been shown to play a crucial role in tumor growth,
progression, and metastasis. Past research has mainly used 2D-cultured cell line models to investigate the role of EVs in tumors, which
poorly simulate the tumor microenvironment. Organoid technology has gradually matured in recent years. Organoids are similar in
composition and behavior to physiological cells and have the potential to recapitulate the architecture and function of the original
tissue. It has been widely used in organogenesis, drug screening, gene editing, precision medicine and other fields. The integration of
EVs and organoids has the potential to revolutionize the field of cancer research and represents a promising avenue for advancing our
understanding of cancer biology and the development of novel therapeutic strategies. Here, we aimed to present a comprehensive
overview of studies using organoids to study EVs in tumors.
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Introduction
Extracellular vesicles (EVs) are small membrane-bound vesicles that are released by cells into the extracellular
environment.' They contain a variety of bioactive molecules, including proteins, lipids, and nucleic acids, and are
involved in intercellular communication and the regulation of various physiological and pathological processes.” EVs are
a group of nanovesicles that can be mainly divided into 3 categories based on their cellular origin: exosomes,
microvesicles and apoptotic bodies.® It is difficult to distinguish them using common isolation methods (differential
ultracentrifugation, density gradient centrifugation, size exclusion chromatography, filtration, polymer-based precipita-
tion, immunological separation, etc.) due to the lack of specific markers and the fact that the sizes or diameters of these
EV subtypes partially overlap. The minimal information for studies of extracellular vesicles 2018 (MISEV2018) guide-
line noted that EVs were more appropriate than other terms, such as exosomes or microvesicles.* Therefore, we use the
term EVs to unify the nomenclature throughout this review.

The role of EVs in tumors has been extensively studied, and they have been shown to play a crucial role in tumor growth,
progression, and metastasis.”® Tumor-derived EVs can transfer oncogenic cargo to neighboring or distant cells, leading to the

alteration of the tumor microenvironment and the promotion of cancer cell survival and proliferation. In addition, tumor cells
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generally secrete more EVs than their counterparts.” For instance, colorectal cancer (CRC)-derived EVss can promote distant
metastasis. Mechanistically, miR-25-3p can be transferred from CRC cells to endothelial cells via EVs, which target KLF2
and KLF4, resulting in the induction of vascular permeability and angiogenesis.® Melanoma-derived exosomes can promote
tumor growth and metastases. Mechanistically, melanoma-derived exosomes can reprogram bone marrow progenitors
towards pro-vasculogenic and pro-metastatic phenotypes by transferring the receptor tyrosine kinase MET.”

In the field of medical research, many drugs or inventions have produced promising results in laboratories but have failed
in clinical trials. It was reported that the success rate of clinical trials was as low as 3%.'° This is largely due to inappropriate
modeling of tumors, as these models cannot recapitulate pathogenic processes in patients.'' Organoids, defined as “a
collection of organ-specific cell types that develops from stem cells or organ progenitors and self-organizes through cell
sorting and spatially restricted lineage commitment in a manner similar to in vivo”, have the potential to recapitulate the
architecture and function of the original tissue.'? Organoid technology has gradually matured in recent years. Some standard

experimental protocols or guidelines have been established,'*'*

and organoids have been revealed to be a powerful tool for
studying the biology of tumors and for drug discovery.'” In a recent study, lung cancer organoids were established with
a success rate of 80%, and they can accurately predict the clinical response to specific chemotherapeutic or targeted
therapy.'®

The integration of EVs and organoids has the potential to revolutionize the field of cancer research. EVs can be
used to transfer specific cargo to organoids, mimicking the interactions that occur in vivo and allowing for the
study of complex signaling pathways and the identification of novel therapeutic targets. Organoids, on the other
hand, can be used to model the response of tumors to EV-based therapies and to test the efficacy of new drugs in
a more physiologically relevant context.!” Moreover, some studies have tried to uncover EVs secreted from tumor
organoids. In short, the combination of EVs, tumors, and organoids represents a promising avenue for advancing
our understanding of cancer biology and for the development of novel therapeutic strategies.

In this review, we aimed to present a comprehensive overview of studies using organoids to study EVs in tumors. We
first briefly introduced EVs in tumors and organoids in tumors; then, the crosstalk between organoids and EVs in tumors
was discussed from two aspects: 1) EVs secreted from cells and 2) EVs secreted from tumor organoids.

What are Extracellular Vesicles in Tumors

The human body is composed of trillions of cells, and how to govern their communication and interactions is of
great importance. Extracellular vesicles (EVs) are composed of biological nanovesicles, including proteins, lipids
and nucleic acids. Released from both prokaryotes and eukaryotes, EVs are key players in intercellular commu-
nication and are increasingly being studied in many fields, including tumors.' In this section, we will briefly
discuss EV biogenesis, subtypes, contents, functions, and roles in cancer development and progression. For more
about the biogenesis, secretion, and intercellular interactions of EVs, please refer to the review written by Théry

et al.> For more specific mechanisms of EVs in tumors, please refer to the review written by Han et al.'®

The Extracellular Vesicles and Their Biogenesis

Two major EV subtypes have been characterized, namely, exosomes and microvesicles (MVs). Exosomes, originating from
multivesicular endosomes (MVESs), are 30—150 nm in size and have an average density of 1.13 g/mL.*'® The complete process
of exosome biogenesis is complex. Briefly, exosomes are first formed as intraluminal vesicles (ILVs) by budding into early
endosomes and MVEs. Then, late endosomes are formed and these ILVs are released into the extracellular environment as
exosomes when late endosomes fuse with the plasma membrane (PM). Late endosomes can also fuse with lysosomes to
degrade their contents.>**' MVs are 150—1000 nm vesicles released by direct budding from the PM and have a higher density
of 1.18 g/mL2‘22’23 (Figure 1).

The Extracellular Vesicles and Their Contents

EVs contain lipids, proteins, and nucleic acids (including DNAs, mRNAs and noncoding RNAs), which makes them an
attractive platform for biomarker discovery and drug delivery.”* The nature and number of molecules present in an EV
depend on the cellular context and cell type of origin.>® For example, exosomes isolated from cancer cells typically show
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Figure | An illustration showed the subtypes and biogenesis of extracellular vesicles?*?2

Abbreviation: MVEs, multivesicular endosomes.

[created with BioRender.com (https://biorender.com/)].

higher levels of pro-oncogenic microRNAs and hence decreased expression of target tumor suppressive genes compared
to their healthy counterparts.”® In addition, isolation methods or enrichment techniques can also affect the content of EVs
in the actual experimental process.>’

The Extracellular Vesicles and Their Functions

The biological function of EVs is multifaceted. EVs are widely involved in physiological and pathological processes,
such as antigen presentation and the immune response, cell apoptosis and senescence, intercellular material transportation
and signal transduction.** > For instance, they can act as paracrine messengers and transfer biomolecules from donor
cells to target cells. This includes not only metabolic molecules but also proteins, lipids, mRNAs, IncRNAs, and
microRNAs capable of altering the phenotype of target cells.>* Additionally, EVs can induce autocrine signaling in
donor cells, as seen with platelet-derived EVs, which release thrombin to directly activate platelets.’

The Roles of Extracellular Vesicles in Tumors
EVs have long been studied for their potential implications in many diseases, including tumors. This is mainly because
they carry information-rich biomolecules, which can influence gene expression in target cells.® Numerous studies have
shown that tumor-derived EVs facilitate tumor growth and metastasis by inducing cell proliferation, invasion, and
resistance to chemotherapy and radiotherapy, as well as inducing angiogenesis.*> >> Research has also demonstrated that
EVs secreted by tumor cells can recruit T cells and macrophages, contributing to tumor-associated inflammation and
immunomodulatory phenotypes and furthering tumor progression and metastasis.>**” Moreover, tumor-derived EVs can
be useful for the early detection and diagnosis of cancer since they are much more abundant than their cellular
counterparts and thus can be easily detected and quantified.>®

In conclusion, these findings indicate that EVs can be instrumental in both tumorigenesis and tumor progression, thus
necessitating further research into their clinical implications. Their potential as therapeutic agents and biomarkers might
provide an unprecedented opportunity for personalized medicine for cancer patients, thus revolutionizing the field of
oncology.
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The Role of Organoids in Tumors
The Advantages and Disadvantages of Organoids and Other Tumor Models

Tumor research has made significant progress due to the development of various tumor models. Since the establishment
of the first patient-derived tumor cell line HeLa in 1951,* tumor models have diversified into four common models: cell
lines, animal models, patient-derived xenografts (PDXs), and 3D culture cell models, including organoids (Figure 2). We
will discuss the advantages and limitations of these common models.

Cell lines have been the mainstream models in biomedical laboratories. Typically, 2D-cultured immortalized cancer
cell lines are used because they are easily accessible, easy to operate, and can be stored for a long time. Additionally, it is
straightforward to study the downstream mechanism of a specific gene using cell lines. However, cell lines are limited in
their ability to form multicellular structures and lose cell-to-cell connections, which poorly mimics the tumor micro-
environment. Long-term cell culture can also cause cell lines to lose their unique features.****4°

Animal models are frequently used in biomedical research, especially in preclinical drug research. Basic knowledge
of human anatomy and disease pathology can also be attributed to preclinical studies of animal models.*> As in vivo
experimental models, animal models better mimic the clinical situation of specific diseases, such as cancer and predict
the effectiveness of treatment strategies.”® Mouse cancer models are the most commonly used animal models in cancer
research. Genetically engineered mice play a vital role in identifying novel oncogenes or tumor suppressor genes and
tumor biomarkers and provide strong evidence to verify the function of genes in vivo.”' However, animal models have
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Figure 2 Four common models used to study tumors. [created with BioRender.com (https://biorender.com/)].
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several limitations, including high cost, low throughput, long experimental period, interspecific differences, individual
differences, and ethical issues.' ">

Patient-derived xenografts (PDXs) are generated by implanting patient-derived tissue into animal models, typically
immunodeficient mice.*® PDXs provide a good model for studying the microenvironment of cancer cells, such as
evaluating the response of fibroblasts or endothelial cells to treatment. They can maintain close similarities with the
tumor of origin and the integrity of the primary tumor structure. However, PDXs have limitations, including the expense
and time required to construct models, limited genetic and environmental manipulation, and reliance on immunodeficient
mice, which makes it impossible to study the role of the adaptive immune system.>> Moreover, high-throughput screens
are difficult to achieve, and they still involve animal ethics.>

3D cell culture models (including organoids) can provide a microenvironment closer to the living conditions in vivo
for cells during cell culture.’” Compared with cell lines, organoids are similar in composition and behavior to
physiological cells and are more suitable for high-throughput screening. Compared with animal models and PDXs,
organoids have a simpler operation and lower cost and can be used to study the mechanism of tumorigenesis and tumor
development. Therefore, it has been widely used in organogenesis, drug screening, gene editing, precision medicine and
other fields.'> However, organoids have some drawbacks, including containing only the epithelial layer without a tumor
microenvironment.”> The culture medium must be of high quality, and cytokines and other additive agents in the culture
medium can affect gene expression, leading to different experimental results.*” Table 1 lists the major advantages and
disadvantages of the different tumor models.

The Development of Organoids

Organoids have become a popular tool for modeling diseases in recent years, which are defined as “a collection of organ-
specific cell types that develops from stem cells or organ progenitors and self-organizes through cell sorting and spatially
restricted lineage commitment in a manner similar to in vivo™.'? Colloquially, organoids refer to a cluster of cells
growing in a three-dimensional (3D) environment that self-organize and differentiate into various types of cells with
specific functions, mimicking the structure and function of an organ in vivo.>® Organoids can be divided into four types
based on the origin of stem cells, including pluripotent embryonic stem cells (ESCs), induced pluripotent stem cells

Table | Major Advantages and Disadvantages of the Different Models in Tumors

Animal models

Patient derived
xenografts (PDXs)

Organoids

Easy to operate and storage

Easy to work for downstream

Mimic the clinical situation
Predicting the effectiveness of treatment strategies
The genetically engineered mouse provides strong
evidence to verify the function of genes in vivo
Studying the microenvironment of cancer cells
Close similarities with the tumor of origin

Integrity of the primary tumor structure

The operation is relatively simpler, medium cost
Similar to the composition and behavior of
physiological cells
More suitable for high-throughput screening
Studying the mechanism of tumorigenesis and

development

Models in Advantages Disadvantages
Tumors
Cell lines Easily accessible Could not form multicellular structures

Lose the cell-to-cell connections
Poorly mimic the tumor microenvironment
Might lose their unique features
High cost
Low throughput
Long experimental period
Interspecific differences and individual differences Ethical issue
Quite expensive
Time consuming to construct PDXs models
High-throughput screens are difficult to achieve Ethical issue
Limited genetic and environmental manipulation
Rely on immunodeficient mice
Contains only epithelial layer without tumor microenvironment.
Culture medium with high quality is required
Additive agents in culture medium might affect gene expression
and lead to completely different experimental results
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(iPSCs), organ-restricted adult stem cells (aSCs), and cancer cells.*”>” Briefly, there are two major types of organoids:
organoids from tissues and organoids from somatic cells or stem cells.

The concept of organoids can be traced back to 1907 when Wilson discovered that dissociated sponge cells could self-
organize to regenerate a whole organism with normal functions.’® In 1960, Paul Weiss and A.C. Taylor performed
dissociation-reaggregation experiments to generate several organs from chick embryos.”® Ten years later, Friedenstein
et al discovered mesenchymal stem cell bone marrow in 1970,° marking the rise of stem cell technologies. In 1998,
James Thomson isolated human embryonic stem cells (ESCs) for the first time.®! Subsequently, induced pluripotent stem
cells (iPSCs) were successfully generated from mouse embryonic and adult human fibroblasts.>®> These events
symbolize the thriving of stem cell technology, which has led to the further development of organoids. In 2009, Hans
Clevers et al first established intestinal organoids using a single mouse intestinal stem cell.** Organoid technology was
rated as one of the top ten technologies of the year by Science magazine in 2013. In 2020, Lee et al successfully
constructed heart organoids that could beat autonomously using mouse embryonic stem cell-derived embryoid bodies.®
Over the past few decades, organoid technology has matured rapidly, and it is now widely employed in biomedical
research.

The Application of Organoids in Different Tumors
Recently, organoid research has mainly focused on patient-derived organoids (PDOs), particularly organoids derived

from patients’ tumor tissues, also known as tumor organoids. These tumor organoids have been successfully established
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Figure 3 Application of Organoids in different aspects (left) and tumors (right). [created with BioRender.com (https://biorender.com/)].
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Table 2 The Application of Organoids in Different Tumors
Type of Tumors | Origin of Organoids Main Findings References
Lung cancer PDOs Developing cell culture conditions suitable for NSCLC organoids [66]
PDOs Generating a microwell array chip for high-throughput analysis of lung [67]
cancer organoids
PDOs Organoids could recapitulate the PFS and objective responses of [89]
patients treated with TKls
PDOs Establishment rate of pure lung cancer organoids was only 17% [90]
Breast cancer PDOs More than 100 primary and metastatic breast cancer organoids were [91]
established
PDOs Finding a key target (lysyl oxidase) of chemoresistance using [69]
a combination of TNBC organoids, PDX models and other cancer
models
PDX-derived organoids Establishing a bank of PDXs and matched PDX-derived organoids [14]
CRC PDOs Constructing a CRC organoid library containing organoids established [92]
from different anatomical sites and different histological subtypes
PDOs Constructing a platform of CRC PDOs to study CAR-mediated [72]
cytotoxicity and tumor specificity
PDOs These PDOs can also predict the chemoradiation responses of patients [70]
PDOs PDOs can only be established from 63% of CRC patients [93]
PDAC PDOs and mouse-derived Orthotopically transplanted models constructed using organoids from [73]
both mice and patients could simulate the whole process of PDAC
occurrence, invasion and metastasis
PDOs and iPSCs The exocrine progenitor organoids from iPSCs could form ductal and [88]
acinar structures. PDAC organoids from patient-derived tumor could
maintain the patient-specific physiological features.
PDOs and mouse-derived A synthetic hydrogel extracellular matrix, which can provide an [74]
environment for the growth of PDAC organoid.
PDOs and mouse-derived MDSC scavenger can make organoid more susceptible to anti-PD-1/PD- [94]
LI treatment.
HCC Reprogrammed human ¢-MYC could lead to massive mitochondrion-endoplasmic reticulum [95]
hepatocytes coupling, which facilitates HCC initiation.
PDOs A HCC organoid-endothelial interaction model was constructed and [96]
proved to polarize macrophages toward a pro-inflammatory and pro-
angiogenic phenotype.
PDOs (tumor needle biopsies) HCC organoids were established by tumor needle biopsies. However, [75]
the success rate was only 33% (per number of patients).

Abbreviations: PDO, Patient-derived organoids; NSCLC, non-small cell lung cancer; PFS, progression-free survival; TKIs, tyrosine kinase inhibitors; TNBC, triple-negative
breast cancer; PDXs, Patient-derived xenografts; CRC, colorectal cancer; PDAC, pancreatic ductal adenocarcinoma; HCC, hepatocellular carcinoma, MDSC, Myeloid-
derived suppressor cells.

Lung Cancer

Lung cancer organoid models have been successfully applied to study the efficacy of chemotherapy drugs. It was
reported that 87% of lung tumor samples could successfully generate tumor organoids.”” Researchers have developed cell
culture conditions suitable for the establishment of NSCLC organoids. They also reported that these organoid models
could preserve the sensitivity of the matched parental tumor to specific drugs.°® Another study further constructed
advanced lung cancer organoids and found that these models could recapitulate the progression-free survival (PFS) and
objective responses of NSCLC patients treated with tyrosine kinase inhibitors (TKIs).* Hu et al developed an integrated
superhydrophobic microwell array chip for high-throughput analysis of lung cancer organoids that can test the response
to anticancer drugs within a week, and the results corresponded with clinical outcomes.®” However, one study used copy
number profiling and immunohistochemistry to differentiate tumor and normal organoids and revealed that only 17% of
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pure lung cancer organoids were established.”® Although many studies on lung cancer organoids have been conducted,
the accuracy of these models in reflecting the clinical situation is still debated due to purity issues.

Breast Cancer

Breast cancer is being modeled using organoid technology. A group of researchers led by Sachs N has developed over
100 primary and metastatic breast cancer organoids, which have been shown to recapitulate the genetic and histological
features of breast cancer. These organoids can be used to perform high-throughput drug screening, which can aid in drug
discovery for breast cancer treatment.'® In a study focused on triple-negative breast cancer (TNBC), a key target for
chemoresistance (lysyl oxidase) was identified using TNBC organoids, PDX models, and other cancer models. The study
also demonstrated that the expression of lysyl oxidase was associated with overall survival in chemotherapy-treated
TNBC patients, indicating the potential clinical relevance of TNBC organoids.®® Additionally, another study involving
TNBC reported the establishment of a bank of PDXs and matched PDX-derived organoids that accurately represented the
clinical situation of TNBC patients treated with anticancer drugs.”!

Colorectal Cancer

CRC PDOs have been established for a period of time. In 2009, Hans Clevers and his team first reported
a groundbreaking achievement that successfully cultured colon epithelial-like organs in vitro.®* In this study, researchers
digested colon epithelial tissue into colon crypt structures or individual Lgr5+ stem cells, and embedded them in a matrix
gel (Matrigel), then cultured them in a medium containing epidermal growth factor (EGF), R-spondin 1 protein related to
the Wnt signaling pathway, and Noggin protein. Due to the supporting properties of Matrigel and the proliferation and
differentiation ability of Lgr5+ stem cells at the bottom of colon crypts, the obtained colon crypt structures or individual
Lgr5+ stem cells were able to grow in all directions, forming 3D tissue spheres containing colon epithelial crypts and
villus-like structures. Through immunofluorescence staining, immunohistochemistry, and electron microscopy observa-
tion, it was found that the structures contained various types of cells, including colon epithelial cells, goblet cells, Paneth
cells, enteroendocrine cells, and Lgr5+ stem cells, among others, and had structures similar to colon epithelium. In 2015,
Hans Clevers’ team established for the first time a biobank of colon cancer organoids.** They successfully cultured 22
colon cancer organoids from 27 surgically resected colon cancer samples, with an overall success rate of 90%, and all
organoids could be cryopreserved and revived with a survival rate of over 80% after thawing. By comparing fixed, sliced,
and H&E-stained samples of donor tissue and cultured organoids, it was found that the organoids derived from normal
intestinal epithelial tissue had a more regular shape with a hollow cavity and villus-like structures, while those derived
from colon cancer tissue largely retained the morphological features of the donor tissue, such as thin-walled cystic
structures or compact structures without cavities. Subsequently, genomic DNA was extracted from both organoids and
corresponding donor biopsy tissues, and whole exome sequencing was performed. It was found that the average mutation
rate per megabase of the organoids was similar to that of the donor biopsy tissues, with mutations mainly occurring as
CpG to T transitions, consistent with the results of large-scale sequencing of colon cancer. Transcriptome analysis
showed slight differences in gene expression between different organoids, indicating heterogeneity between organoids.
Based on these findings, Hans Clevers’ team established the nonprofit organization Hubrecht Organoid Technology
(HUB) to further expand the scale of biobanks for colon cancer and other organoid types. Masayuki Fujii successfully
created a CRC organoid library with organoids from different anatomical sites (primary lesions and liver metastatic
lesions) and different histological subtypes (adenocarcinoma and neuroendocrine carcinoma). These organoids displayed
a high degree of similarity to primary tumors in terms of histopathological structures and gene expression profiling.”* Of
all CRC sites, rectal cancer has a worse prognosis, especially locally advanced rectal cancer (LARC) and those with
distant metastasis, where conventional chemoradiation is largely ineffective.”® Developing methods to predict chemor-
adiation response and achieve precision therapy is an area for future development. Another study focused specifically on
LARC and developed an organoid biobank from LARC patients. The authors demonstrated that these organoids had
a similar molecular spectrum to that of the primary tumors and can predict patients’ chemoradiation responses, implying
their potential value for guiding LARC treatment.”” Tumor immunotherapy research has shown that chimeric antigen
receptor-T (CAR-T) cell therapy is highly effective. However, the use of CAR-T-cell therapy in solid cancers such as
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CRC has been less studied. Schnalzger et al constructed a platform of CRC PDOs to investigate CAR-mediated
cytotoxicity and tumor specificity, discovering a novel CAR target (FRIZZLED receptors) highly expressed in
a subgroup of CRC tumors.”* Nevertheless, it is important to note that PDOs can only be established from 63% of
CRC patients,”® indicating that much work is still needed before the clinical use of CRC organoids can be realized.

Pancreatic Ductal Adenocarcinoma

Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal cancer with a poor prognosis. Therefore, it is crucial to
establish appropriate models to study the process and mechanism of tumor occurrence and development.”® Boj et al
successfully established PDAC organoids from both mice and patients, which can simulate the entire process of PDAC
occurrence, invasion, and metastasis.”> Similarly, Huang et al built pancreatic exocrine progenitor organoids from iPSCs
that can form ductal and acinar structures. These organoids maintain the differentiation status and tissue architecture of
the primary tumor and preserve patient-specific physiological features.*® Recently, Below et al designed a synthetic
hydrogel extracellular matrix that can provide an environment for the growth of PDAC organoids from both human
patients and murine models.”* Another study focused on the tumor immune microenvironment of PDAC and investigated
potential immunotherapy. Although anti-programmed death 1 receptor (PD-1)/programmed death ligand 1 (PD-L1)
therapy is a hot spot in the field of immune checkpoint inhibitor-mediated immunotherapy, there is still a great possibility
of treatment failure.'® Myeloid-derived suppressor cells (MDSCs) can inhibit cellular immunity in cancers, including
PDAC, which can lead to the failure of anti-PD1/PD-L1 therapy.'®’ Holokai et al found that when murine- or patient-
derived organoids were cocultured with immune cells, MDSC scavengers could make organoids more susceptible to anti-
PD-1/PD-L1 treatment. In other words, MDSC depletion combined with anti-PD-1/PD-L1 therapy enhanced efficacy.”

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the most common primary liver cancer worldwide and has a poor prognosis. Despite
this, the mechanisms underlying HCC development and progression remain unclear.'®® The emergence of organoid
technology has provided a powerful tool for studying the molecular mechanisms of HCC tumorigenesis and develop-
ment. Using this technology, researchers have been able to build HCC organoid models by reprogramming human
hepatocytes and inactivating p53 and RB. These models have revealed that c-MYC could lead to massive mitochondrion-
endoplasmic reticulum coupling, which facilitates HCC initiation, and could potentially be targeted by pretreatment
therapy. Therefore, HCC organoid models are useful in simulating the initiation of HCC and identifying potential
preventive therapies.”> The tumor microenvironment plays a significant role in tumor occurrence and progression.
Researchers have constructed HCC organoid-endothelial interaction models and found that these models can polarize
macrophages towards a proinflammatory and proangiogenic phenotype. The results demonstrated that these models can
serve as reliable tools to study the crosstalk between tumor cells and the tumor microenvironment.”® Nuciforo et al
successfully used HCC organoids to test the sensitivity of tumors to sorafenib, a targeted therapeutic drug commonly
used for advanced HCC. The HCC organoids in this study were established by tumor needle biopsies, providing a chance
to guide personalized medication for HCC patients at their initial visit. However, the success rate was only 33% (per
number of patients),” and there is still a long way to go in improving the success rate of organoid construction.

Organoids as a Promising Model to Study Extracellular Vesicles in Tumors
Compared with 2D-cultured tumor cells and other cellular models, organoids have many unique advantages for studying the
roles of EVs in tumors. By modeling specific tissues in terms of their composition and architecture, organoids can replicate the
pathogenic processes that occur in human patients. This makes them an ideal tool for studying the tumor microenvironment
and the altered molecular signaling pathways that occur in cancer.’” As an important component of the tumor microenviron-
ment, the precise role of tumor-derived EVs has yet to be fully elucidated due to limitations in existing models. However,
organoid technology has emerged as a promising solution to this dilemma. Organoids provide a valuable model for
investigating the functions of EVs in tumors through two major approaches: 1) characterizing the changes in organoid
morphology and gene expression profiling after EVs are secreted from cultured cells and absorbed by organoids, and 2)
studying the factors that affect EV biogenesis, secretion, and contents within tumor organoids (Figure 4).
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Figure 4 Organoids as a promising model to study EVs in tumors.'®~''® [created with BioRender.com (https://biorender.com/)].

Abbreviations: EVs, extracellular vesicles; NTA, nanoparticle tracking analysis.

The Role of Extracellular Vesicles Secreted from Cells

Tumor cells can secrete EVs to regulate the function of other cells. Ke et al investigated the effects of EVs by studying
their interaction with organoids in a coculture system. Specifically, they found that esophageal adenocarcinoma-derived
EVs could enhance the neoplastic phenotype in gastric organoids.'® Despite recent advances, the complexity of tumor
immunity still requires further research. Zhao et al used PDOs to investigate the influence of CRC cell-derived EVs on
immune cells and found that CRC-derived exosomal miR-424 suppressed the T-cell-mediated antitumor immune
response.'® The use of cell lines, organoids, and mouse models in this study enhanced the reliability of the results.
Another investigation into tumor immunity, focusing on triple-negative breast cancer (TNBC), revealed that TNBC-
derived exosomes can induce immunogenic cell death and promote tumor inhibition in PDOs."'%°

Organoids have shown promise as a tool not only for studying the function of tumor cell-derived EVs but also for
investigating the roles of nontumor cell-derived EVs, such as fibroblasts and immune cells. One study used PDOs to
examine the impact of fibroblast-derived EVs and found that they could enhance cell proliferation in epidermal growth
factor (EGF)-dependent PDOs.'%® Intestinal metaplasia is a known risk factor for gastric cancer, and it has been
suggested that polypeptide-expressing metaplasia (SPEM) could be a contributing factor. Xu et al reported that deoxy-
cholic acid-induced macrophage-derived EVs could be absorbed by gastric organoids in mice, promoting the expression
of TFF2 and GSII lectin, both SPEM markers.'®’

Organoids can also be used to study the factors that affect EV absorption. Kelemen et al investigated EV uptake by
PDOs and mouse tissue-derived organoids. They found that organoids derived from CRC cells with high expression of
IFITM1 had a significantly reduced uptake of fibroblast EVs.'® EVs serve as carriers for cell-to-cell communication,
which has unique advantages in drug delivery. Zhuang et al developed an EV-based Cas9 delivery platform. The HCC
PDO model was used to evaluate the targeting efficacy of engineered EVs. These engineered EVs were found to
efficiently accumulate in HCC-derived organoids in a tumor-specific manner.'®

Organoids have special advantages in evaluating drug response and chemotherapy resistance. A recent study
established CRC PDOs and found that adipocyte-derived exosomes could reduce the sensitivity of CRC organoids to
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oxaliplatin. Mechanistically, adipocyte-derived exosomes reduce ferroptosis susceptibility in obese CRC patients through
the microsomal triglyceride transfer protein (MTTP)/proline-rich acidic protein 1 (PRAP1) complex.'?

In general, organoids can be used to study the function of EVs derived from various cells, including tumor cells,
fibroblasts, immune cells and adipocytes. In addition, organoids can also be used to study the factors that affect EV

absorption, and organoids have special advantages in evaluating drug response and chemotherapy resistance.

The Role of Extracellular Vesicles Secreted from Tumor Organoids

Tumor-derived organoids can also secrete EVs to affect intercellular communication and tumor progression and
metastasis. Various factors affect the secretion and contents of organoid-derived EVs. Pancreatic ductal adenocarcinoma
(PDAC) and lung adenocarcinoma (LUAD) PDOs have shown that Wnt pathway activation promotes both cell
proliferation and EV release in these organoids.''' The APC gene is a common tumor suppressor gene, and its mutation
is associated with familial adenomatous polyposis (FAP) and sporadic colorectal tumors.''? Szvicsek et al investigated
the effect of APC mutation on EV release in CRC organoids and found that it could activate the Wnt pathway and induce
EV release. They also observed that hypoxic fibroblast-derived EVs could promote the colony formation of CRC
organoids.''® Additionally, the distribution of EVs was studied using organoids. Namba et al discovered that ABCGl,
a cholesterol lipid efflux pump, was upregulated in colon cancer organoids, and that its knockdown could lead to
intracellular accumulation of EVs and regression of organoids.''*

Several studies have investigated the content alteration of organoid-derived extracellular vesicles (EVs). One study
demonstrated that organoids can regulate their proliferation and tumorigenesis by controlling EV secretion.''”> The
researchers knocked out MMP3 in LuM1 tumor cells and identified a protein profile that was significantly downregulated
in organoid-derived EVs, resulting in a notable reduction in organoid size. In another study, Nagai et al generated
colorectal adenoma (CRA) and colorectal cancer (CRC)-derived organoids and compared the microRNA profiles of their
EVs. They found that the expression of microRNA-1246 was upregulated in EVs derived from CRC-derived organoids,
and it was shown to promote the proliferation of HT29 cells (a CRC cell line)."'® Moreover, researchers analyzed the
protein profiles of EVs from pancreatic ductal adenocarcinoma (PDAC) organoids using mass spectrometry. They found
that the proteins present in PDAC organoid-derived EVs were primarily involved in vesicular transport and tumorigen-
esis, in contrast to healthy control organoids.''” These studies suggest that EVs have the potential to serve as diagnostic
biomarkers for tumors.

Numerous studies have investigated the molecular composition of extracellular vesicles (EVs) since they are believed
to reflect the condition of the cells that release them. However, Kelemen et al found that CD44™2" CRC organoids release
more EVs and induce the proliferation and activation of colon fibroblasts compared to CD44'°™ CRC organoids. The
study demonstrated that the proliferative effect was dependent on the dose of EVs rather than their miRNA cargo.''® This
suggests that tumor cells can regulate the phenotype of other cells by altering the number of EVs they secrete, rather than
changing the content of EVs in certain situations.

Various factors that affect EV secretion and contents have been studied, including the type of cancer cell used to
generate organoids. Different cancer cells can produce different types of EVs with unique biophysical properties and
gene expression profiles, which have been investigated in studies focusing on tumor intrinsic factors such as protein
expression and noncoding RNAs.'> Culture conditions, such as oxygen levels, nutrient availability, and pH, can also
affect EV production and cargo selection. However, more studies are needed to confirm these findings.

Overall, the current research on organoids as a model for studying EVs in tumors focuses on two aspects: EVs
secreted from cells and EVs secreted from tumor organoids (Table 3). Nevertheless, there is a shortage of studies using
organoids to examine body fluid-derived EVs (such as ascites, urine, and plasma).

The Future Prospective

Extracellular vesicles (EVs) are key players in intercellular communication and a hot research topic in the field of tumors,
as they play a crucial role in tumor growth, progression, and metastasis. However, past research has mainly used 2D-
cultured cell line models, which poorly simulate the tumor microenvironment. Although many basic studies have been
conducted in the field of cancer, the transition from preliminary basic research to clinical application remains a challenge.
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Table 3 Organoids as a Promising Model to Study Extracellular Vesicles in Tumors

Type of Origin of Origin of EVs Main Findings References
Tumors Organoids
EVs secreted from cells
Esophageal PDOs Esophageal Esophageal adenocarcinoma-derived EVs could enhance the neoplastic [103]
adenocarcinoma adenocarcinoma phenotype in gastric organoids
cells
CRC PDOs CRC cells CRC derived exosomal miR-424 suppressed T-cell mediated antitumor [104]
immune response
TNBC PDOs Engineered breast Engineered breast cancer-derived exosomes could induce immunogenic [105]
cancer-derived cell death in breast cancer cells
exosomes
CRC PDOs Fibroblasts Fibroblast-derived EVs induce cell proliferation in EGF-dependent PDOs [106]
GC Mouse Macrophage Deoxycholic acid-induced macrophage-derived exosomes could be [107]
tissue absorbed by gastric organoids of mice and promote the expression of
TFF2 and GSII lectin (SPEM markers)
CRC PDOs and Fibroblasts Organoids derived from high expression of IFITMI CRC cells had [108]
mouse a significantly reduced uptake of fibroblast EVs
tissue
HCC PDOs HEK293T Engineered EVs could efficiently accumulate in HCC-derived organoids [109]
in a tumor-specific manner
CRC PDOs Adipocyte Adipocyte derived exosomes could reduce the sensitivity of CRC [110]
organoids to oxaliplatin
EVs secreted from tumor organoids
PDAC, LUAD PDOs Organoids Whnt pathway activation could promote both cell proliferation and EV [1]
release in multiple organoids
CRC PDOs Organoids and APC mutation could induce EV release in the organoid model. Hypoxic [113]
Fibroblasts fibroblast-derived EVs could promote colony formation of CRC
organoid
Colon cancer Cell line Organoids ABCGI knockdown could lead to intracellular accumulation of EVs and [114]
regression of organoids
CRC Cell line Organoids The knockout of MMP3 led to the additional release of broken EVs from [115]
organoids
CRC PDOs Organoids MicroRNA-1246 was upregulated in EVs of CRC-derived organoids [116]
PDAC PDOs Organoids Proteins of PDAC organoids derived EVs were mainly involved in [117]
vesicular transport and tumorigenesis
CRC PDOs Organoids CD44"" CRC organoids release more EVs promote the proliferation [118]
and activation of colon fibroblast

Abbreviations: EVs, Extracellular vesicles; PDOs, patient-derived organoids; CRC, colorectal cancer; TNBC, triple-negative breast cancer; MMP3, matrix metalloprotei-
nase 3; EGF, epidermal growth factor; PDAC pancreatic ductal adenocarcinoma; SPEM, spasmolytic polypeptide-expressing metaplasia; GC, gastric cancer; LUAD, lung
adenocarcinoma; HCC, hepatocellular carcinoma; ABCG|, TP-binding cassette transporter Gl.

The emergence and development of organoid technology provide a promising model to study EVs in tumors, as
organoids can mimic specific tissues in both composition and architecture, and recapitulate the real pathogenic process
in the human body or patients.

It has been reported that equivalent amounts of cells in 3D cultures can produce 1.5-4.5 times more EVs than in 2D
culture conditions, with overall downregulation of proteins and upregulation of microRNAs observed in 3D cultures.'"”
However, different tumor models might lead to different research results. As an in vitro model, organoids provide a vital
opportunity for reducing the use of laboratory animals, with a study revealing that only approximately one-third of highly
cited animal research could be proven by clinical randomized trials.'?® Thus, organoid technology has built a bridge

between 2D-cultured cell models and animal models, and is a good supplement to tumor models.
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This review describes EVs and organoids distinctly and proposes the possible usefulness or advantages of organoids
in the study of EVs in tumors. First, organoids have special advantages in evaluating the responses of anticancer drugs
and studying the complex tumor immune microenvironment. The organoid/immune cell coculture model is the founda-
tion when studying tumor immunity, which requires further research. In addition, organoid models can preliminarily
verify the diagnostic efficacy of EVs, promoting the translation from basic cancer research to clinical practice. For
instance, one study identified a group of eight ovarian cancer-related miRNAs based on overlapping dysfunctional
miRNAs in ascites and plasma, which presented high diagnostic accuracy. They further constructed ascites-derived
organoids and proved that malignant ascites-derived EVs could significantly promote the growth of these organoids.'?!
More importantly, organoids can be efficiently established from tumor tissues derived from individual patients, making it
possible to develop personalized treatment or precision treatment of cancer. Meanwhile, engineered EVs have demon-
strated the application potential in cancer-targeted therapy. The integration of organoids and EVs might revolutionize the
field of cancer research and advance the development of novel therapeutic strategies.

The current research in this field still has many disadvantages, despite organoids offering excellent opportunities to
study EVs in tumors. First, isolating and characterizing EVs secreted in 3D cultures is a problem to be solved. Second,
growth factors or various small molecular inhibitors are needed for the culture of organoids, which might affect the
secretion or contents of EVs. Third, some organoids still cannot be cultured as long as the immortalized cancer cell lines,
due to the limitations of the culture medium. Fourth, organoids are composed of only an epithelial layer without a native
microenvironment, and such studies rely on the establishment of coculture systems with other cells. Finally, when
studying the effect of cell-derived EVs on organoids, the interference of organoid-secreted EVs needs to be eliminated.

Each tumor model has intrinsic limitations for recapitulating patient-specific tumors. With the development of
organoid technology, it has become particularly important to standardize these models. Further exploration is needed
to address the limitations and enhance the potential of organoids in the study of EVs in tumors.
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