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Abstract

Owing to patient-derived tumor tissues and cells, significant advances have been made in personalized cancer
treatment and precision medicine, with cancer stem cell-derived three-dimensional tumor organoids serving

as crucial in vitro models that accurately replicate the structural, phenotypic, and genetic characteristics of
tumors. However, despite their extensive use in drug testing, genome editing, and transplantation for facilitating
personalized treatment approaches in clinical practice, the inadequate capacity of these organoids to effectively
model immune cells and stromal components within the tumor microenvironment limits their potential.
Additionally, effective clinical immunotherapy has led the tumor immune microenvironment to garner considerable
attention, increasing the demand for simulating patient-specific tumor-immune interactions. Consequently, co-
culture techniques integrating tumor organoids with immune cells and tumor microenvironment constituents
have been developed to expand the possibilities for personalized drug response investigations, with recent
advancements enhancing the understanding of the strengths, limitations, and applicability of the co-culture
approach. Herein, the recent advancements in the field of tumor organoids have been comprehensively reviewed,
specifically highlighting the tumor organoid co-culture-related developments with various immune cell models
and their implications for clinical research. Furthermore, this review delineates the current state of research and
application of organoid models regarding the therapeutic approaches and related challenges for gynecological
tumors. This study may provide a theoretical basis for further research on the use of patient-derived organoids in
tumor immunity, drug development, and precision medicine.
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Introduction
Immunotherapy has significantly contributed to the
advancement in oncological therapies, and advances
are shifting toward personalized treatment and preci-
sion medicine with increasing comprehension of tumor
immunology and individual patient variability [1]. Con-
sequently, this presents novel challenges for preclinical
models, primarily including the maintenance of the het-
erogeneity of primary tumors and the re-establishment
of the tumor microenvironment (TME), both of which
may affect the uniformity of drug responses and clinical
results [2]. To address these challenges, patient-derived
tumor tissues and cells have been employed in several
studies. Patient-derived tumor cell lines offer a rapid
means for drug discovery and high-throughput screen-
ing; however, limited information regarding tumor
structure and TME limits their use [3-5]. In contrast,
patient-derived tumor xenografts (PDXs) can present a
diversity of specific tumors and intercellular interactions,
making them valuable for preclinical drug assessment
and biomarker discovery. Nonetheless, PDXs present cer-
tain limitations, including tumor-specific variable success
rates and extended preparation periods, which hinder
their practical implementation in precision medicine [6—
8]. Compared with the aforementioned models, patient-
derived organoids (PDOs) exhibit distinctive attributes
for elucidating patient-specific tumors (Table 1).
Organoids are organ-like structures and can be rap-
idly generated from patient samples or pluripotent stem
cells to accurately mimic tumor characteristics, including
genetic and structural similarities. Owing to these simi-
larities, PDOs present a significant promise for precision
medicine. However, because tumor is a heterogeneous
disease, consisting of diverse cell subpopulations with
varying genetic alterations, replicating this complex-
ity in cancer models is challenging for clinical treatment
at present. Utilizing three-dimensional (3D) organoids

Table 1 A comparison of Organoids and two-dimensional cell
cultures with patient-derived xenografts in Oncology

Parameters/Models 2D Cell PDX Human
culture organs

Establishing system Acceptable Acceptable Good

Cost Satisfactory Acceptable Good

Convenient for Satisfactory Acceptable Good

maintenance

Complexity of Physiology Unacceptable Satisfactory Acceptable

Experiment duration Satisfactory Satisfactory Satisfactory

Reproductive Develop- Unacceptable Unacceptable Good

ment Studies

Genome-wide screening  Satisfactory Unacceptable  Good

Genetic modification Satisfactory Unacceptable  Satisfactory

Reproduction of Human  Acceptable Satisfactory Satisfactory

Physiology

2D: two-dimensional; PDX: patient-derived xenograft
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derived from autologous tissues as preclinical models
offers a means to effectively replicate the heterogeneous
nature of tumors and preserve their mutation profiles
over an extended period of culture without genetic alter-
ations [9-12]. Owing to its various advantages, including
enhanced accessibility and observability, the organoid
technology exhibits immense potential for investigating
dynamic processes such as tumor growth and develop-
ment. Furthermore, as organoids can be generated from
a small number of initial cells and exhibit rapid prolif-
eration under specific conditions, they can facilitate the
rapid development of targeted preclinical models even
with limited tissue samples. Additionally, they are amena-
ble to genetic manipulation and can be utilized for high-
throughput screening of pharmaceutical compounds and
the establishment of repositories of biological specimens.
These characteristics of organoids indicate their versatil-
ity and potential applications in drug testing, gene edit-
ing, and in vivo transplantation in the biomedical field
[13-15]. Notably, organoids have also been reported to
play a crucial role in advancing personalized medicine by
utilizing patient-derived cells to broaden their scope of
application.

This study aimed to provide a comprehensive review of
the recent advancements of tumor organoids regarding
various immune cell models and their implications for
clinical research and immunotherapy.

Establishment of PDO models

PDO generation involves several key steps, with some
variability based on the source. The successful forma-
tion and long-term maintenance of organoid models
primarily rely on the initial cell population, extracellular
matrix, and culture medium. First, primary tumor mate-
rials from surgical resection or biopsy procedures such as
fine needle aspiration biopsy are fragmented into small
pieces, cell clusters, or individual cells using mechanical
digestion, which mainly disrupts intercellular connec-
tions within cell clusters to increase the yield of tumor-
like cells, and enzymatic digestion, which facilitates the
release of epithelial cells from normal tissues, increas-
ing the number of normal tissue-derived spheres [11,
16, 17]. Subsequently, the digested tissues are cultured
in a hydrogel dome comprised of basement membrane
extracts, such as matrix in Cultrex BME, which facilitate
the 3D growth of cells [18]. This enables the constructed
organoids to better mimic the in vivo environment for
nutrient uptake, cell-cell interactions, and subsequent
downstream activities, such as metabolic alterations, cell
proliferation, and cell signaling [19, 20]. Although differ-
ent tumor organoids may require different culture media
compositions for optimal proliferation, certain growth
factors such as Noggin, R-spin-1, and wingless-type
MMTYV integration site family, member 3 A are among
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the commonly used factors. Additionally, inhibitors are
essential in the organoid growth medium, and their spe-
cific combinations with growth factors can result in the
generation of distinct component lineages within the
organoids (Fig. 1).

For instance, the absence of dissimilatory regulatory
protein-B1, p38 mitogen-activated protein kinase inhibi-
tors, or fibroblast growth factors 7 and 10 can notably
affect the distribution of mature luminal cells and lumi-
nal progenitor cells in the breast lineage. Additionally, a
decrease in factor B27 can lead to a decline in the number
of clusters of differentiation (CD)73/CD90-expressing
basal cells [21]. Notably, an overall organoid construction
success rate of 36.8% has been reported across 13 differ-
ent tumor types [22], with a decline in tumor organoid
purity because of the growth of normal tissue being a
major challenge. Reportedly, the co-culturing of immune
cells from various sources with organoids presents an
opportunity for personalized organoid immunotherapy
[23].
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Advancements and clinical implications of the
organoid-immune cell co-culture model

Co-culture models have shown considerable potential
for advancing personalized healthcare in cancer research
[24], as they can provide comprehensive insights into
the involvement of immune cells, immune cell infiltra-
tion, immunotherapy, and drug resistance mechanisms
in tumor development and progression [25, 26]. These
models encompass various co-culture systems, including
those with different immune cells (Fig. 2), with each offer-
ing distinct advantages and limitations (Table 2) [27-32].
The classical co-culture platform involves embedding
two-dimensional cancer cell lines and immune cells into
a cell culture dish. Media can be transferred to another
dish for this purpose. In the transwell co-culture sys-
tem, immune cells are embedded in a matrix on top of a
transwell insert, while cancer cells are embedded in the
bottom. Additionally, a 3D spheroid co-cultured with
immune cells represents a 3D cell culture model, where
cells aggregate to form a spherical structure, and their
integration is achieved by embedding them in the Matri-
gel. Microfluidic chambers, which are also referred to as

3D organoid
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Fig. 1 The workflow for establishing organoid cultures from patient-derived sources. 3D, three-dimensional; Wnt3a, wingless-type MMTV integration site

family, member 3A
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Classic Co-cultivation
Platform

Model of co-cultivation
in transferred culture
medium.

Cross-hole co-cultivation

Three-dimensional co-culture
of tumor spheroids.

Matrigel-based 3D organoid
culture in Matrigel.

. Microfluidics Laboratory

Fig. 2 Various two-dimensional and three-dimensional in vitro cell culture models

organ chips, are miniature devices designed to mimic the
functions of human organs on a microscale. These chips
are typically constructed from transparent materials such
as silicone or glass and feature tiny channels or chambers
that can be lined with human cells. The primary com-
ponent of these microfluidic chambers is the irrigation-
controlled microchannel, which supports the growth of
various cell lines, immune cells, and organoid-associated
endothelial cells.

T cells

Owing to recent advancements in organoid technol-
ogy and cancer immunotherapy, PDO-T cell co-culture
models have garnered considerable attention [33]. Cat-
taneo et al. established a co-culture protocol for human
gut organoids and CD4+T cells, facilitating the examina-
tion of their interactions regarding tissue development
and inflammation [34]. This approach can be extended
to the co-culture of cancer organoids with peripheral
blood mononuclear cells (PBMCs) to produce patient-
specific tumor-reactive cytotoxic T cells, exploiting the
critical role of high-level tumor antigen presentation in
eliciting antigen-specific T cell-driven robust, antitumor

immune response. Furthermore, Zhou et al. reported a
new methodology for co-cultivating cholangiocarcinoma
organoids with immune cells to assess the antitumor
immune response, providing a foundational framework
for developing personalized immunotherapy strategies
[35]. In 2023, Dekkers et al. developed an innovative plat-
form, namely BEHAF3D, which integrates organoid tech-
nology, 3D imaging methodologies, and transcriptome
analysis to investigate the dynamic interactions between
immune cells and cancer PDOs. This platform facilitates
real-time monitoring of the co-culture involving over
150,000 engineered T cells and solid PDOs to identify a
behavioral cluster termed “super conjugator,’ character-
ized by active cytotoxic T cells. The BEHAF3D platform
can serve as a significant resource for elucidating phe-
notypic heterogeneity in cellular immunotherapy and
optimizing personalized therapies targeting solid tumors
[36]. Recently, intestinal and tumor PDOs have been used
with immune cells for examining off-target toxicity asso-
ciated with T cell-bound bispecific antibodies (TCBs) and
associated individual variability in TCB responses that
traditional tissue models fail to predict in newly formed
tissues and donor-matched healthy epithelial cells. The
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Table 2 Co-culture model of organ-like structures and Immune
cells
Model Categories Advantages

Limitations

Classic Co-cultiva-
tion Platform

Easily manageable for
manipulating cell density;
enables subsequent RNA/
protein identification post
co-cultivation.

Model of co-
cultivation in trans-
ferring growth
medium

It is not possible to
entirely replicate
the intricate TME.

Cross-hole

co-cultivation

As the size and
shape of the
spheroid increase,
a diffusion gradient
is formed.

3D co-culture of
tumor spheroids

Advantages of this approach
over animal models include
greater convenience, lower
costs, improved reproduc-
ibility, and ease of integra-
tion into high-temperature
superconductors.

In comparison to traditional
2D cell culture models, the
model is more akin to the
tissue.

Matrigel-based 3D
organoid culture in
Matrigel

In co-cultivation,
challenges are
encountered in the
proliferation and
regenerative ca-
pacity of organoids,
which are complex
to manage and
entail high costs.
Interactions mediated by Sophisticated
cell-cell contacts in 3D mod- equipment tech-
els; signaling transduction nology manufac-
through paracrine secretion  turing and system
of cell-derived factors. configuration.

RNA: ribonucleic acid; TME: tumor microenvironment; 3D: three-dimensional;
2D: two-dimensional

Microfluidic
chamber

findings revealed that TCBs targeting epithelial cell adhe-
sion molecules induced apoptosis in healthy organoids,
which was consistent with clinical observations and asso-
ciated with T cell activation, cytokine release, and T cell
infiltration within the epithelium. In contrast, tumor-like
organoids exhibited greater resistance to the damage,
potentially attributable to reduced efficiency of intraepi-
thelial T-cell infiltration. Notably, intestinal PDOs have
played a significant role in elucidating immune—epithelial
interactions and advancing both preclinical and clinical
developments in cancer immunotherapy [37].

Overall, the PDO-T cell co-culture model offers a
versatile platform for investigating the intricate interac-
tions between T and tumor cells by integrating various
elements, including diverse immune cell populations,
tumor-associated antigens, and immunomodulatory
agents. Furthermore, these models are instrumental in
assessing the efficacy of innovative therapies or com-
bination treatment strategies, thus contributing to the
progression of cancer research and the development of
more effective cancer treatment approaches in clinically
relevant settings.
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Monocytes and macrophages

Tumor-associated macrophages (TAMs) can be catego-
rized into two main types as follows: the pro-inflamma-
tory M1 subtype, which increases DR antigen expression
on leukocytes and supports T helper cell-1-mediated
immune responses, and the anti-inflammatory M2 sub-
type, which upregulates immunosuppressive cytokines
such as transforming growth factor (TGF)-p and inter-
leukin (IL)-10 [38—40]. Reportedly, TAMs impede T cell
activation and function by secreting immunosuppres-
sive cytokines such as TGF-f, IL-10, and type I argi-
nase, along with expressing the cell surface molecule
programmed death ligand 1 (PD-L1) [41, 42]. Kuen et al.
established a co-culture system comprising pancreatic
cancer cells, tumor-associated fibroblasts (CAFs), and
monocytes to investigate the M2 polarization of tumor
cells and fibroblasts, resembling TAMs in pancreatic duc-
tal carcinoma. Their findings revealed that co-culturing
with macrophages derived from polarized monocytes led
to a significant reduction in the activation markers CD25
and CD69 of T cells, suggesting an impact on T cell func-
tion and activation status of T cells, albeit not reliably,
respectively [43]. Moreover, the expression of other regu-
latory markers was reduced, such as that of tumor necro-
sis factor receptor superfamily 9, which has been shown
to impede tumor growth in vivo, and programmed cell
death 1 and cytotoxic T lymphocyte antigen-4 that can
suppress antitumor immunity. Overall, this co-culture
system exhibited reduced expression of T cell activation
markers, thereby inhibiting T cell activation and prolif-
eration in vitro. Reportedly, TAMs not only impede T cell
proliferation in the in vivo TME but also suppress T cell
activation [44, 45].

In 2022, a study employed an innovative 3D tissue
structure to examine the interactions between api-
cal papilla stem cells (SCAPs) and macrophages, which
were cultured within a 3D mold using collagen as the
matrix under three experimental conditions: no stimula-
tion, lipopolysaccharide (LPS), and IL-4. Notably, under
LPS stimulation, early pro-inflammatory cytokines
were upregulated, and macrophages demonstrated pro-
nounced polarization behavior. In contrast, under IL-4
stimulation, macrophages exhibited anti-inflammatory
properties, facilitating the differentiation and tissue mod-
eling of SCAPs. This novel 3D organoid system offers
valuable insights into the interactions between stem cells
and immune cells during inflammatory and reparative
processes [46]. In 2023, Yoon et al. investigated the role
of macrophages in the self-assembly of liver organoids
using Huh-7, liver sinusoidal endothelial, and LX-2 cells
to create spherical structures resembling liver cirrhosis-
associated nodules. They reported an increased expres-
sion of inflammation-related genes, including IL-1f, IL-6,
and TGEF-fB, within the liver organoids, suggesting the
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inflammatory role of macrophages in these organoids.
Furthermore, the study identified increased expression
of macrophage-related genes, such as CD206, a-smooth
muscle actin, and collagen type 1 alpha 1 chain. These
findings indicate the contribution of macrophages to the
fibrotic processes in liver organoids via astrocyte activa-
tion [47]. Subsequently, in 2024, Pecksen et al. examined
the role of macrophages in enhancing the survival and
differentiation of induced pluripotent stem cells (iPSCs)
within cultured kidney organoids in vitro and showed
that macrophages could inhibit the apoptosis of iPSCs by
secreting extracellular vesicles and inducing autophagy,
thereby increasing their survival rate and facilitating the
development of renal organoids [48], thus, offering novel
insights for the enhancement of renal organoid models in
disease modeling and drug development.

Natural killer (NK) cells

NK group 2 member D (NKG2D) and NK group 2 mem-
ber A (NKG2A) are predominantly expressed in NK
cells, CD8+T cells, and various subsets of CD4+T cells
[49-52]. NKG2D interacts with its ligands major histo-
compatibility complex class I chain-related protein A/B
(MICA/MICB) to trigger NK cell cytotoxicity, serving as
a crucial co-stimulatory signal for T cells [53-55], and
NKG2A binds to the human leukocyte antigen-E mol-
ecule, delivering a potent inhibitory signal to both T and
NK cells [56, 57]. Courau et al. investigated the mecha-
nisms of infiltration of NK and T cells and tumor activa-
tion, with a focus on the NKG2D and NKG2A signaling
pathways, and revealed that targeting MICA/MICB could
enhance the antitumor immune response by facilitating
NK cell infiltration and activation in colon cancer cell
lines HT29 and DLD1 co-cultured with PBMCs, suggest-
ing a potential, synergistic antitumor effect between anti-
MICA/MICB and anti-NKG2A therapies [58].

In 2023, Yao et al. co-cultured PDOs, CAFs, and NK92
or CAR-NK92 cells in a ratio of 1:2:5, and elucidated a
novel mechanism underlying CAF-mediated suppression
of NK cell function within the TME, suggesting a poten-
tial NK cell-mediated immunotherapeutic strategy, utiliz-
ing iron chelators, specifically deferoxamine (DFO), and
neutralizing antibodies against follistatin-like 1 (FnAB).
The synergistic application of DFO and FnAB has shown
potential as a new approach for the immunotherapy of
gastric cancer [59]; nevertheless, further investigation
is warranted to elucidate various factors, including the
mechanistic interactions between CAFs and NK cells in
the TME and the assessment of the safety and efficacy
of the combined use of DFO and FnAB in patients with
gastric cancer. Additionally, Beelen et al. used pancre-
atic cancer PDOs as precise predictive preclinical mod-
els to establish a 3D cytotoxicity assay employing live cell
imaging and enabling real-time assessment of cellular
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responses. The findings substantiate the relevance and
personalization of organoid models for investigating
antitumor activities of NK cells in vitro and the poten-
tial of antibody-dependent cell-mediated cytotoxicity to
stimulate antibody production that could augment NK
cell responses, suggesting a promising novel therapeutic
strategy for pancreatic cancer [60]. Recent research indi-
cated that allogeneic NK cells, which were amplified from
peripheral blood, exhibited a pronounced selectivity in
their cytotoxic effects against patient-derived bladder
cancer tissues and elucidated the mechanisms underlying
NK cell-mediated T cell recruitment, thereby contribut-
ing to the reconfiguration of the tumor—immune micro-
environment [61].

Myeloid-derived suppressor cells (MDSCs)

Among different TME-associated cells, MDSCs have
been identified in various human malignancies and are
correlated with unfavorable patient outcomes [62-64].
MDSCs can activate CD8+T cells via tumor antigens and
dendritic antigen-presenting cells. Holokai et al. estab-
lished a co-cultivation model involving pancreatic duc-
tal carcinoma organoids, MDSCs, and cytotoxic T cells
[65]. Polymorphonuclear MDSCs have been reported to
impede CD8+T cell proliferation, mitigate the impact of
immune checkpoints, and facilitate tumor progression
in pancreatic ductal carcinoma in situ mice and organ-
oids. Moreover, the co-culture model revealed the inter-
play between depleting polymorphonuclear MDSCs and
inhibiting PD-L1, which can enhance the functionality of
cytotoxic T cells and effectively suppress PD-L1-express-
ing pancreatic ductal cancer cells.

The function of the prostaglandin E2 (PGE2)-prosta-
glandin E2 receptor type 2/4 (EP2/4) axis within myeloid
lineage cells has been predominantly investigated in
human monocytes or monocyte-derived dendritic cells
[66, 67]. Although the inhibitory effects of PGE2 on
MDSCs are well established, the specific roles of EP2/4 in
human MDSCs and their potential to mitigate the inhibi-
tory characteristics of MDSCs in the presence of tumor-
derived PGE2 remain inadequately understood. In 2024,
Cuenca-Escalona et al. elucidated the effects of EP2/4
signaling on the tumor phenotype and functionality of
human monocyte-derived MDSCs (M-MDSCs), indi-
cating that E2/4-mediated PGE2 signaling significantly
enhanced the capacity of M-MDSCs to suppress T and
NK cell responses owing to the blockade of EP2/4 dur-
ing PGE2 exposure, thereby diminishing the inhibitory
phenotype of M-MDSCs in 3D co-cultures with colorec-
tal cancer PDOs [68]. These findings support the hypoth-
esis that targeting EP2/4 holds therapeutic potential for
modulating the host immune response and may miti-
gate tumor-induced immunosuppression, consequently
enhancing the development of antitumor immunity.
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Nevertheless, further research is necessary to confirm
the relevance of EP2/4 in the PGE2-EP2/4 signaling path-
way and other subsets of blood MDSCs [67] to elucidate
its therapeutic strategies for patients with cancer.

Utilization of organoids in fundamental and
translational investigations of gynecological
malignancies

Organoids, as an innovative 3D cell culture system, have
exhibited significant and extensive potential for clinical
applications (Fig. 3), especially in various gynecological
tumors. In biomedical research applications, patient-
derived organoids can be employed for drug/radiation
testing, gene editing, and in vivo transplantation, thereby
enabling personalized medicine and maximizing thera-
peutic efficacy. Furthermore, organoid biobanks can be
established and utilized in basic science to address funda-
mental questions in developmental biology, organogen-
esis, and health and disease processes.

Ovarian cancer
Since 2020, ovarian cancer PDOs have been success-
fully developed, with a particular focus on the prevalent

Drug testing

Biological progress
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high-grade serous ovarian cancer (HGSOC). These cul-
tures have demonstrated morphological and disease
characteristics that are reflective of the original tumor,
effectively replicating the expression of corresponding
markers and mutation profiles and providing sophisti-
cated preclinical platforms for personalized drug screen-
ing and discovery [69-71]. Senkowski et al. improved
the construction methodology, notably increasing the
success rate up to 53%, which facilitated the access of
patients to their desired organoids through public bio-
banks while allowing for the retrieval of associated
genomic data via online tools. This advancement has fos-
tered the utilization of HGSOC organoids in both funda-
mental and translational research [72].

With advances in the ovarian cancer organoid system,
increasing attention has been directed toward its clini-
cal applications. In 2022, a significant upregulation of
fibrinogen 1 (FBN1) was reported in organoids and cells
exhibiting resistance to cisplatin in ovarian cancer, sug-
gesting its critical role in the development of chemo-
therapy resistance in ovarian cancer and the potential
therapeutic approach targeting FBN1 [73]. Additionally,
Cesari et al. demonstrated that the cyclin-dependent

Personalized
treatment
decisions

drug screening

The applications of patient-derived
organoids in precision medicine.

in vivo i
transplantation

NIDON

|y s

Radiosensitivity
screening

Gene editing

Fig. 3 The applications of organoids
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kinase (CDK)12/13 inhibitor THZ531 substantially
inhibited HGSOC cell and PDO growth, indicating its
synergistic effects in conjunction with clinically utilized
pharmacological agents. These findings suggest CDK12
and CDK13 as promising therapeutic targets for treat-
ing HGSOC [74]. Compadre et al. reported RAD51 as a
predictive biomarker for therapy response to platinum-
based chemotherapy in patients with HGSOC based
on an immunofluorescence analysis of tumor samples
derived from 5 patient-derived cell lines, 11 organoids, 31
discovery cohorts, and 148 validation cohorts [75]. Alto-
gether, these findings show that the PDO model offers
a distinctive framework for identifying tumor origins,
screening pharmacological agents, and advancing preci-
sion medicine for treating HGSOC.

Endometrial cancer

In 2019, Boretto et al. established long-term extended
organoids derived from various endometrial patholo-
gies, which exhibited characteristics associated with the
respective diseases and cancer-associated mutations.
They effectively represented distinct cancer subtypes
along with their corresponding mutation profiles, along
with revealing patient-specific drug responses [76-78].
Furthermore, organoids derived from normal endome-
trial tissue have been successfully developed and utilized
in experimental research [79].

Su et al. demonstrated the role of estrogen-related
receptor a in inhibiting pyroptosis in endometrial can-
cer PDOs via the modulation of the nucleotide-binding
oligomerization domain-like receptor pyrin domain con-
taining 3/caspase-1/gasdermin D signaling pathway [78]
and identified antisense oligonucleotides (ASOs) that
specifically target SNORD14E. These ASOs could effec-
tively inhibit the proliferation, migration, and invasion
of endometrial cancer cells while promoting apoptosis
by downregulating aberrant forkhead box protein M1
expression and nuclear accumulation of p-catenin [80].
Similarly, Jamaluddin et al. reported the variability in
the growth patterns of endometrial cancer using organ-
oids derived from various biopsy specimens [81]. Nota-
bly, Yang et al. showed the efficacy of a small molecule
inhibitor of proline-, glutamic acid-, leucine-rich protein
1, namely SMIP34, in the therapeutic management of
endometrial cancer utilizing endometrial cancer organ-
oids [82].

Cervical cancer

In 2021, a long-term cultured 3D organoid model of
cervical epithelial cells was developed, which could
consistently replicate the characteristics of the cervi-
cal tissue while maintaining the pathogenic genome of
human papillomavirus (HPV). These tumor organoids
demonstrated varied responses to frequently employed
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chemotherapeutic agents and could form xenografts
in murine models. This advancement offers a valuable
experimental framework for investigating cervical can-
cer and advancing associated personalized medicine
approaches [83-85]. Cervical cancer organoids have been
utilized extensively to assess the therapeutic efficacy of
their in vitro treatments. In 2023, Dong et al. developed a
co-culture system incorporating gamma delta T cells with
both healthy and cancerous cervical PDOs to investigate
the effectiveness of gamma delta T cells in cervical cancer
treatment. Notably, healthy cervical organoids exhibited
reduced cytotoxic responses mediated by gamma delta T
cells compared with those by HPV-transformed and can-
cerous organoids [86]. Furthermore, research focusing on
the immune microenvironment of organoids in gyneco-
logical tumors gained traction in the same year. Huang et
al. developed a biobank of PDOs comprising 67 cases of
heterogeneous cervical cancer. They exhibited the capac-
ity to reflect radiological heterogeneity, and their co-cul-
ture with tumor-infiltrating lymphocytes demonstrated
distinct responses associated with markers of immune
therapy efficacy, such as the ratio of cytotoxic T lympho-
cytes. Overall, these findings underscore the potential
of PDOs for developing therapeutic strategies in clinical
trials targeting cervical cancer [87]. Presently, research is
focused on investigating the immune microenvironment
associated with cervical cancer organoids; nonetheless,
considerable progress is needed in this area of study.

Debate surrounding organoids

A successful experimental model of an organoid can
reproduce the specific TME of patients, elucidate tumor
biology and therapeutic effects, and greatly improve
patient selection, target identification, and define drug
resistance mechanisms [88]. However, regardless of the
benefits of this technology, certain prominent challenges
remain unaddressed, possibly because the technology is
still in its developmental stage.

Technical challenges

First, the success rates of the establishment of organoids
differ with different types of cancers [89] owing to vari-
ous factors such as the cell density of the corresponding
primary tissue [90]; therefore, enhancing the success rate
of organoid establishment is crucial. It is necessary to
develop optimized and standardized culture conditions
tailored to different tumor cells to enhance the reproduc-
ibility of large-scale tumor cells and facilitate the appli-
cation of organoid technology in high-throughput drug
screening. Second, the effects of extracellular matrix
components on tumor applications remain unclear. Tis-
sue samples used for organoid generation typically rep-
resent a small portion of the entire tumor, and the high
heterogeneity of tumors raises concern regarding the
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reliability of representativeness of these tissue samples
for whole tumor tissue. To address this, tissue samples
from different parts of the same tumor can be isolated
to better represent the heterogeneity of the tumor, fur-
ther promoting tumor transformation research. Third,
the organoid technology cannot accurately replicate
the complexity of a patient-specific immune environ-
ment. Although co-culture systems with tumor and
immune cells have improved the understanding of
tumor—immune interactions and their impact on treat-
ment approaches, the intricate interplay among numer-
ous factors in TME presents several challenges that may
affect the accurate modeling and prediction of immune
therapy responses. For instance, different immune com-
ponents and cell proportions are involved with different
tumor types, affecting the initial immune cell composi-
tion in tumor organoid cultures and corresponding strat-
egies for maintaining and amplifying these immune cells.
Moreover, some tumors involve numerous and complex
immune cell types, whereas others lack immune cells in
the surrounding stroma, which may lead to the inaccu-
rate simulation of the TME and immune environment,
limiting the application of organoids in the fields of trans-
lational and precision medicine. Finally, it is essential to
account for the niche dependence of particular tumors in
organoid construction with potential clinical significance.
Although existing studies offer substantial evidence
for predicting cancer biomarkers utilizing 3D organoid
models, validation of these results through prospective
clinical trials is crucial. Therefore, subsequent research
should prioritize the establishment of clinical trials
designed to assess the effectiveness of identified targets
in guiding cancer treatment strategies and enhancing
patient outcomes.

Ethical considerations

First, organoid technology necessitates the use of patient/
donor-derived stem cells or tissue samples, warranting
informed consent from the donor for inclusion in organ-
oid research, which is of great ethical significance. For
instance, donors may feel a persistent personal affiliation
with the organoids generated from their samples, which
may increase their expected involvement in the research
process. Second, the investigation of organoids presents
significant commercial potential, thereby necessitating
the need to address associated ethical considerations,
including the equitable distribution of benefits and data
sharing, which are critical concerns within the field of
organoid research. Finally, the emergence of specialized
entities, such as brain-like organs and human-—animal
chimeric organs, has given rise to many ethical debates.
For instance, the potential for brain organoids to develop
consciousness, experience pain, and exhibit emotions
has prompted discourse regarding the appropriateness of
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granting these organoids an ethical status comparable to
that of humans.

Conclusion
Recently, organoid technology has emerged as an inno-
vative, pioneering domain in the field of life sciences and
medical research, with an aim to replicate the structure
and function of human organs by 3D cultivation in vitro.
Consequently, personalized organoid models can serve
as a foundation for drug screening and assessing treat-
ment efficacy within the framework of precision medi-
cine, along with reducing the reliance on animal testing,
presenting a significant ethical advantage. This review
summarizes the latest advances and clinical applications
of organoid technology in oncology, especially regard-
ing gynecological tumors and organoid-related immune
microenvironment development. These findings high-
light the potential of organoid-based research in tumor
immunity, drug development, and precision medicine.
The future scope of organoid technology is poised to
enhance the accuracy of disease models, advance pre-
cision medicine, and drug development, facilitate the
development of regenerative medicine and organ regen-
eration, address animal study-related ethical concerns,
and extend its applications to a broader range of diseases.
These advancements may significantly affect the land-
scape of basic research and translational medicine, ulti-
mately yielding profound implications for human health.

Abbreviations

2D Two-dimensional

3D Three-dimensional

ASOs Antisense oligonucleotides

CAFs Tumor-associated fibroblasts

cD Cluster of differentiation

CDK Cyclin-dependent kinase

DFO Deferoxamine

EP2/4 Prostaglandin E2 receptor type 2/4

FBN1 Fibrinogen 1

FnAB Neutralizing antibodies against follistatin-like 1

HGSOC High-grade serous ovarian cancer

HPV Human papillomavirus

iPSCs Induced pluripotent stem cells

LPS Lipopolysaccharide

M-MDSCs Monocyte-derived MDSCs

MDSCs Myeloid-derived suppressor cells

MICA/MICB  Major histocompatibility complex class | chain-related protein
A/B

NK Natural killer

NKG2A Natural killer group 2 member A

NKG2D Natural killer group 2 member D

PBMCs Peripheral blood mononuclear cells

PD-L1 Programmed death- ligand 1

PDOs Patient-derived organoids

PDXs Patient-derived tumor xenografts

PGE2 Prostaglandin E2

SCAPs Apical papilla stem cells

TAMs Tumor-associated macrophages

TCBs T cell-bound bispecific antibodies

TGF Transforming growth factor

TME Tumor microenvironment

Wnt3a Wingless-type MMTV integration site family, member 3 A



Zhou et al. Journal of Translational Medicine (2024) 22:856

Acknowledgements
I would like to acknowledge my teammates for their wonderful collaboration.
We acknowledge the BIORENDER website for help in figure generation.

Author contributions

LZ was responsible for the collection of data, collation, and writing of the
original manuscript. HL and YH were responsible for reviewing the literature.
YZ was responsible for the concept development, revision, and reviewing the
manuscript. All authors contributed to the article and approved the submitted
version.

Funding
This work was supported by the Project for Key Medicine Discipline
Construction of Guangzhou Municipality (No. 2021-2023-17).

Data availability
Not applicable.

Declarations

Ethics approval
Not applicable.

Consent for publication
All authors have reviewed the final version of the manuscript and approved it
for publication.

Competing interests
The authors declare no potential conflicts of interest.

Received: 27 July 2024 / Accepted: 4 September 2024
Published online: 23 September 2024

References

1. Yasinjan F, Xing Y, Geng H, Guo R, Yang L, Liu Z, Wang H. Immunotherapy: a
promising approach for glioma treatment. Front Immunol. 2023;14:1255611.
https://doi.org/10.3389/fimmu.2023.1255611. PMID: 37744349; PMCID:
PMC10512462.

2. DaoV,YukiK, Lo YH, Nakano M, Kuo CJ. Immune organoids: from tumor mod-
eling to precision oncology. Trends Cancer. 2022;8(10):870-80. https://doi.
0rg/10.1016/j.trecan.2022.06.001. Epub 2022 Jun 27. PMID: 35773148; PMCID:
PMC9704769.

3. FuCYul, MiaoY,Liu X, Yu Z, Wei M. Peptide-drug conjugates (PDCs): a novel
trend of research and development on targeted therapy, hype or hope? Acta
Pharm Sin B. 2023;13(2):498-516. https://doi.org/10.1016/j.apsb.2022.07.020.
Epub 2022 Aug 3. PMID: 36873165; PMCID: PMC9978859.

4. Ngo C, Garrec C, Tomasello E, Dalod M. The role of plasmacytoid dendritic
cells (pDCs) in immunity during viral infections and beyond. Cell Mol Immu-
nol. 2024 May 22. https://doi.org/10.1038/541423-024-01167-5. Epub ahead
of print. PMID: 38777879.

5. Gronholm M, Feodoroff M, Antignani G, Martins B, Hamdan F, Cerullo V.
Patient-derived organoids for precision cancer immunotherapy. Cancer Res.
2021;81(12):3149-55. https://doi.org/10.1158/0008-5472.CAN-20-4026. Epub
2021 Mar 9. PMID: 33687948.

6. Byrne AT, Alférez DG, Amant F, Annibali D, Arribas J, Biankin AV, Bruna A,
Budinska E, Caldas C, Chang DK, Clarke RB, Clevers H, Coukos G, Dangles-
Marie V, Eckhardt SG, Gonzalez-Suarez E, Hermans E, Hidalgo M, Jarzabek MA,
de Jong S, Jonkers J, Kemper K, Lanfrancone L, Malandsmo GM, Maran-
goni E, Marine JC, Medico E, Norum JH, Palmer HG, Peeper DS, Pelicci PG,
Piris-Gimenez A, Roman-Roman S, Rueda OM, Seoane J, Serra V, Soucek L,
Vanhecke D, Villanueva A, Vinolo E, Bertotti A, Trusolino L. Interrogating open
issues in cancer precision medicine with patient-derived xenografts. Nat Rev
Cancer. 2017;17(4):254-268. https://doi.org/10.1038/nrc.2016.140. Epub 2017
Jan 20. Erratum in: Nat Rev Cancer. 2017;17(10):632. doi: 10.1038/nrc.2017.85.
PMID: 28104906.

7. Yoshida GJ. Applications of patient-derived tumor xenograft models and
tumor organoids. J Hematol Oncol. 2020;13(1):4. https://doi.org/10.1186/
$13045-019-0829-z. PMID: 31910904; PMCID: PMC6947974.

20.

21.

22.

23.

24.

25.

Page 10 of 13

Portman N, Lim E. A new sophistication for breast cancer PDXs. Nat Cancer.
2022,;3(2):138-140. https://doi.org/10.1038/s43018-021-00328-z. PMID:
35221337.

Corrd C, Novellasdemunt L, Li VSW. A brief history of organoids. Am J Physiol
Cell Physiol. 2020;319(1):.C151-65. https://doi.org/10.1152/ajpcell.00120.2020.
Epub 2020 May 27. PMID: 32459504; PMCID: PMC7468890.

Takahashi T. Organoids for drug discovery and personalized medicine. Annu
Rev Pharmacol Toxicol. 2019;59:447-62. https://doi.org/10.1146/annurev-
pharmtox-010818-021108. Epub 2018 Aug 16. PMID: 30113875.

Tang XY, Wu S, Wang D, Chu C, Hong Y, Tao M, Hu H, Xu M, Guo X, Liu Y.
Human organoids in basic research and clinical applications. Signal Transduct
Target Ther. 2022;7(1):168. https://doi.org/10.1038/541392-022-01024-9.
PMID: 35610212; PMCID: PMC9127490.

LeSavage BL, Suhar RA, Broguiere N, Lutolf MP, Heilshorn SC. Next-generation
cancer organoids. Nat Mater. 2022,21(2):143-59. https://doi.org/10.1038/
$41563-021-01057-5. Epub 2021 Aug 12. PMID: 34385685.

de Jongh D, Massey EK. VANGUARD consortium; Bunnik EM. Organoids: a
systematic review of ethical issues. Stem Cell Res Ther. 2022;13(1):337. https://
doi.org/10.1186/513287-022-02950-9. PMID: 35870991; PMCID: PMC9308907.
Xu H, Jiao D, Liu A, Wu K. Tumor organoids: applications in cancer modeling
and potentials in precision medicine. J Hematol Oncol. 2022;15(1):58. https://
doi.org/10.1186/513045-022-01278-4. PMID: 35551634; PMCID: PMC9103066.
Hong ZX, Zhu ST, Li H, Luo JZ,Yang Y, An Y, Wang X, Wang K. Bioengi-

neered skin organoids: from development to applications. Mil Med Res.
2023;10(1):40. https://doi.org/10.1186/540779-023-00475-7. PMID: 37605220;
PMCID: PMC10463602.

Driehuis E, Kretzschmar K, Clevers H. Establishment of patient-derived cancer
organoids for drug-screening applications. Nat Protoc. 2020;15(10):3380—
3409. doi: 10.1038/541596-020-0379-4. Epub 2020 Sep 14. Erratum in: Nat
Protoc. 2021;16(12):5739. https://doi.org/10.1038/541596-021-00494-5. PMID:
32929210.

Choi W, Kim YH, Woo SM, Yu Y, Lee MR, Lee WJ, Chun JW, Sim SH, Chae

H, Shim H, Lee KS, Kong SY. Establishment of patient-derived organ-

oids using ascitic or pleural fluid from cancer patients. Cancer Res

Treat. 2023;55(4):1077-86. Epub 2023 Jun 12. PMID: 37309112; PMCID:
PMC10582554.

Mao Y, Hu H. Establishment of advanced tumor organoids with emerg-

ing innovative technologies. Cancer Lett. 2024;598:217122. https://doi.
org/10.1016/j.canlet.2024.217122. Epub 2024 Jul 17. PMID.

HuY, Sui X, Song F, LiY, Li K, Chen Z,Yang F, Chen X, Zhang Y, Wang X, Liu

Q, Li C, Zou B, Chen X, Wang J, Liu P. Lung cancer organoids analyzed on
microwell arrays predict drug responses of patients within a week. Nat Com-
mun. 2021;12(1):2581. https://doi.org/10.1038/541467-021-22676-1. PMID:
33972544; PMCID: PMC8110811.

Kratochvil MJ, Seymour AJ, Li TL, Pasca SP, Kuo CJ, Heilshorn SC. Engineered
materials for organoid systems. Nat Rev Mater. 2019;4(9):606-22. https://doi.
0rg/10.1038/541578-019-0129-9. Epub 2019 Aug 16. PMID: 33552558; PMCID:
PMC7864216.

Rosenbluth JM, Schackmann RCJ, Gray GK, Selfors LM, Li CM, Boedicker

M, Kuiken HJ, Richardson A, Brock J, Garber J, Dillon D, Sachs N, Clevers H,
Brugge JS. Organoid cultures from normal and cancer-prone human breast
tissues preserve complex epithelial lineages. Nat Commun. 2020;11(1):1711.
https://doi.org/10.1038/541467-020-15548-7. PMID: 32249764; PMCID:
PMC7136203.

Shi R, Radulovich N, Ng C, Liu N, Notsuda H, Cabanero M, Martins-Filho SN,
RaghavanV, Li Q Mer AS, Rosen JC, Li M, Wang YH, Tamblyn L, Pham NA,
Haibe-Kains B, Liu G, Moghal N, Tsao MS. Organoid cultures as preclinical
models of non-small cell lung cancer. Clin Cancer Res. 2020;26(5):1162-74.
https://doi.org/10.1158/1078-0432.CCR-19-1376. Epub 2019 Nov 6. PMID:
31694835.

Kim S, Choung S, Sun RX, Ung N, Hashemi N, Fong EJ, Lau R, Spiller E, Gasho
J, Foo J, Mumenthaler SM. Comparison of cell and organoid-level analysis of
patient-derived 3D organoids to evaluate tumor cell growth dynamics and
drug response. SLAS Discov. 2020;25(7):744-54. Epub 2020 Apr 30. PMID:
32349587; PMCID: PMC7372585.

Dijkstra KK, Monkhorst K, Schipper LJ, Hartemink KJ, Smit EF, Kaing S, de Groot
R, Wolkers MC, Clevers H, Cuppen E, Voest EE. Challenges in establishing
pure lung cancer organoids limit their utility for personalized medicine. Cell
Rep. 2020;31(5):107588. https://doi.org/10.1016/j.celrep.2020.107588. PMID:
32375033.

Song J, Choi H, Koh SK; Park D, Yu J, Kang H, Kim Y, Cho D, Jeon NL. High-
throughput 3D in vitro tumor vasculature model for real-time monitoring


https://doi.org/10.3389/fimmu.2023.1255611
https://doi.org/10.1016/j.trecan.2022.06.001
https://doi.org/10.1016/j.trecan.2022.06.001
https://doi.org/10.1016/j.apsb.2022.07.020
https://doi.org/10.1038/s41423-024-01167-5
https://doi.org/10.1158/0008-5472.CAN-20-4026
https://doi.org/10.1038/nrc.2016.140
https://doi.org/10.1186/s13045-019-0829-z
https://doi.org/10.1186/s13045-019-0829-z
https://doi.org/10.1038/s43018-021-00328-z
https://doi.org/10.1152/ajpcell.00120.2020
https://doi.org/10.1146/annurev-pharmtox-010818-021108
https://doi.org/10.1146/annurev-pharmtox-010818-021108
https://doi.org/10.1038/s41392-022-01024-9
https://doi.org/10.1038/s41563-021-01057-5
https://doi.org/10.1038/s41563-021-01057-5
https://doi.org/10.1186/s13287-022-02950-9
https://doi.org/10.1186/s13287-022-02950-9
https://doi.org/10.1186/s13045-022-01278-4
https://doi.org/10.1186/s13045-022-01278-4
https://doi.org/10.1186/s40779-023-00475-7
https://doi.org/10.1038/s41596-021-00494-5
https://doi.org/10.1016/j.canlet.2024.217122
https://doi.org/10.1016/j.canlet.2024.217122
https://doi.org/10.1038/s41467-021-22676-1
https://doi.org/10.1038/s41578-019-0129-9
https://doi.org/10.1038/s41578-019-0129-9
https://doi.org/10.1038/s41467-020-15548-7
https://doi.org/10.1158/1078-0432.CCR-19-1376
https://doi.org/10.1016/j.celrep.2020.107588

Zhou et al. Journal of Translational Medicine

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

(2024) 22:856

of immune cell infiltration and cytotoxicity. Front Immunol. 2021;12:733317.
https://doi.org/10.3389/fimmu.2021.733317. PMID: 34630415; PMCID:
PMC8500473.

Magré L, Verstegen MMA, Buschow S, van der Laan LJW, Peppelenbosch M,
Desai J. Emerging organoid-immune co-culture models for cancer research:
from oncoimmunology to personalized immunotherapies. J Immunother
Cancer. 2023;11(5):006290. https://doi.org/10.1136/jitc-2022-006290. PMID:
37220953; PMCID: PMC10231025.

Gambara G, Gaebler M, Keilholz U, Regenbrecht CRA, Silvestri A. From che-
motherapy to combined targeted therapeutics: in Vitro and in vivo models to
decipher intra-tumor heterogeneity. Front Pharmacol. 2018;9:77. https://doi.
0rg/10.3389/fphar.2018.00077. PMID: 29491834; PMCID: PMC5817069.

Vis MAM, Ito K, Hofmann S. Impact of culture medium on cellular interactions
in in vitro co-culture systems. Front Bioeng Biotechnol. 2020,8:911. https://
doi.org/10.3389/fbioe.2020.00911. PMID: 32850750; PMCID: PMC7417654.
Gunti S, Hoke ATK, Vu KP, London NR Jr. Organoid and spheroid tumor mod-
els: techniques and applications. Cancers (Basel). 2021;13(4):874. https://doi.
0rg/10.3390/cancers13040874. PMID: 33669619; PMCID: PMC7922036.
Fiorini E, Veghini L, Corbo V. Modeling cell communication in cancer with
organoids: making the complex simple. Front Cell Dev Biol. 2020;8:166.
https://doi.org/10.3389/fcell.2020.00166. PMID: 32258040; PMCID:
PMC7094029.

Schuster B, Junkin M, Kashaf SS, Romero-Calvo |, Kirby K, Matthews J,

Weber CR, Rzhetsky A, White KP, Tay S. Automated microfluidic platform for
dynamic and combinatorial drug screening of tumor organoids. Nat Com-
mun. 2020;11(1):5271. https://doi.org/10.1038/s41467-020-19058-4. PMID:
33077832; PMCID: PMC7573629.

Bar-Ephraim YE, Kretzschmar K, Clevers H. Organoids in immunological
research. Nat Rev Immunol. 2020;20(5):279-93. https://doi.org/10.1038/
s41577-019-0248-y. Epub 2019 Dec 18. PMID: 31853049.

Bonnereau J, Courau T, Asesio N, Salfati D, Bouhidel F, Corte H, Hamoudi S,
Hammoudi N, Lavolé J, Vivier-Chicoteau J, Chardiny V, Maggiori L, Blery M,
Remark R, Bonnafous C, Cattan P, Toubert A, Bhat P, Allez M, Aparicio T, Le
Bourhis L. Autologous T cell responses to primary human colorectal cancer
spheroids are enhanced by ectonucleotidase inhibition. Gut. 2023;72(4):699-
709. https://doi.org/10.1136/gutjnl-2021-326553. Epub 2022 Jul 8. PMID:
35803702.

Cattaneo CM, Dijkstra KK, Fanchi LF, Kelderman S, Kaing S, van Rooij N, van
den Brink S, Schumacher TN, Voest EE. Tumor organoid-T-cell coculture
systems. Nat Protoc. 2020;15(1):15-39. https://doi.org/10.1038/541596-019-
0232-9. Epub 2019 Dec 18. PMID: 31853056; PMCID: PMC7610702.

Zhou G, Lieshout R, van Tienderen GS, de Ruiter V, van Royen ME, Boor PPC,
Magré L, Desai J, Kdten K, Kan YY, Ge Z, Campos Carrascosa L, Geuijen C,
Sprengers D, van der Laan LJW, Verstegen MMA, Kwekkeboom J. Model-

ling immune cytotoxicity for cholangiocarcinoma with tumour-derived
organoids and effector T cells. Br J Cancer. 2022;127(4):649-60. https://doi.
0rg/10.1038/541416-022-01839-x. Epub 2022 May 21. PMID: 35597867;
PMCID: PMC9381772.

Dekkers JF, Alieva M, Cleven A, Keramati F, Wezenaar AKL, van Vliet EJ,
Puschhof J, Brazda P, Johanna |, Meringa AD, Rebel HG, Buchholz MB, Barrera
Romaén M, Zeeman AL, de Blank S, Fasci D, Geurts MH, Cornel AM, Driehuis E,
Millen R, Straetemans T, Nicolasen MJT, Aarts-Riemens T, Ariese HCR, Johnson
HR, van Ineveld RL, Karaiskaki F, Kopper O, Bar-Ephraim YE, Kretzschmar K,
Eggermont AMM, Nierkens S, Wehrens EJ, Stunnenberg HG, Clevers H, Kuball
J, Sebestyen Z, Rios AC. Uncovering the mode of action of engineered T cells
in patient cancer organoids. Nat Biotechnol. 2023;41(1):60-9. https://doi.

0rg/10.1038/541587-022-01397-w. Epub 2022 Jul 25. PMID: 35879361; PMCID:

PM(C9849137.

Harter MF, Recaldin T, Gerard R, Avignon B, Bollen'Y, Esposito C, Guja-Jarosz
K, Kromer K, Filip A, Aubert J, Schneider A, Bacac M, Bscheider M, Stokar-
Regenscheit N, Piscuoglio S, Beumer J, Gjorevski N. Analysis of off-tumour
toxicities of T-cell-engaging bispecific antibodies via donor-matched intes-
tinal organoids and tumouroids. Nat Biomed Eng. 2024;8(4):345-60. https://
doi.org/10.1038/541551-023-01156-5. Epub 2023 Dec 19. PMID: 38114742;
PMCID: PMC11087266.

Kumari N, Choi SH. Tumor-associated macrophages in cancer: recent
advancements in cancer nanoimmunotherapies. J Exp Clin Cancer Res.
2022;41(1):68. https://doi.org/10.1186/513046-022-02272-x. PMID: 35183252;
PMCID: PMC8857848.

PanY, YuY,Wang X, Zhang T. Tumor-associated macrophages in tumor
immunity. Front Immunol. 2020;11:583084. doi: 10.3389/fimmu.2020.583084.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 11 of 13

Erratum in: Front Immunol. 2021;12:775758. https.//doi.org/10.3389/
fimmu.2021.775758. PMID: 33365025; PMCID: PMC7751482.

Xiang X, Wang J, Lu D, Xu X. Targeting tumor-associated macrophages to
synergize tumor immunotherapy. Signal Transduct Target Ther. 2021;6(1):75.
https://doi.org/10.1038/541392-021-00484-9. PMID: 33619259; PMCID:
PMC7900181.

Zhang H, Liu L, Liu J, Dang P Hu S, Yuan W, Sun Z, Liu Y, Wang C. Roles of
tumor-associated macrophages in anti-PD-1/PD-L1 immunotherapy for solid
cancers. Mol Cancer. 2023;22(1):58. https://doi.org/10.1186/512943-023-
01725-x. PMID: 36941614; PMCID: PMC10029244.

Brady RV, Thamm DH. Tumor-associated macrophages: prognostic and
therapeutic targets for cancer in humans and dogs. Front Immunol.
2023;14:1176807. https://doi.org/10.3389/fimmu.2023.1176807. PMID:
37090720; PMCID: PMC10113558.

Kuen J, Darowski D, Kluge T, Majety M. Pancreatic cancer cell/fibroblast co-
culture induces M2 like macrophages that influence therapeutic response in
a 3D model. PLoS ONE. 2017;12(7):e0182039. https://doi.org/10.1371/journal.
pone.0182039. PMID: 28750018; PMCID: PMC5531481.

Sattiraju A, Kang S, Giotti B, Chen Z, Marallano VJ, Brusco C, Ramakrishnan A,
Shen L, Tsankov AM, Hambardzumyan D, Friedel RH, Zou H. Hypoxic niches
attract and sequester tumor-associated macrophages and cytotoxic T cells
and reprogram them for immunosuppression. Immunity. 2023;56(8):1825-
€18436. Epub 2023 Jul 13. PMID: 37451265; PMCID: PMC10527169.

Nixon BG, Kuo F, Ji L, Liu M, Capistrano K, Do M, Franklin RA, Wu X, Kansler ER,
Srivastava RM, Purohit TA, Sanchez A, Vuong L, Krishna C, Wang X, Morse lii
HC, Hsieh JJ, Chan TA, Murphy KM, Moon JJ, Hakimi AA, Li MO. Tumor-asso-
ciated macrophages expressing the transcription factor IRF8 promote T cell
exhaustion in cancer. Immunity. 2022;55(11):2044-e20585. Epub 2022 Oct 25.
PMID: 36288724; PMCID: PMC9649891.

Li FC, Hussein H, Magalhaes M, Selvaganapathy PR, Kishen A. Decipher-

ing stem cell from apical papilla-macrophage choreography using a novel
3-dimensional organoid system. J Endod. 2022;48(8):1063-e10727. https://
doi.org/10.1016/jj0en.2022.04.011. Epub 2022 May 2. PMID: 35513088.

Yoon Y, Gong SC, Kim MY, Baik SK, Hong JE, Rhee KJ, Ryu H, Eom YW.
Generation of fibrotic liver organoids using hepatocytes, primary liver
sinusoidal endothelial cells, hepatic stellate cells, and macrophages. Cells.
2023;12(21):2514. https://doi.org/10.3390/cells12212514. PMID: 37947592;
PMCID: PMC10647544.

Pecksen E, Tkachuk S, Schréder C, Vives Enrich M, Neog A, Johnson CP, Lach-
mann N, Haller H, Kiyan Y. Monocytes prevent apoptosis of iPSCs and pro-
mote differentiation of kidney organoids. Stem Cell Res Ther. 2024;15(1):132.
https://doi.org/10.1186/513287-024-03739-8. PMID: 38702808; PMCID:
PMC11069262.

Barbarin A, Cayssials E, Jacomet F, Nunez NG, Basbous S, Lefevre L, Abdallah
M, Piccirilli N, Morin B, Lavoue V, Catros V, Piaggio E, Herbelin A, Gombert

JM. Phenotype of NK-like CD8(+) T cells with innate features in humans and
their relevance in cancer diseases. Front Immunol. 2017;8:316. https://doi.
0rg/10.3389/fimmu.2017.00316. PMID: 28396661; PMCID: PMC5366313.
Prajapati K, Perez C, Rojas LBP, Burke B, Guevara-Patino JA. Functions of
NKG2D in CD8+T cells: an opportunity for immunotherapy. Cell Mol Immu-
nol. 2018;15(5):470-9. https://doi.org/10.1038/cmi.2017.161. Epub 2018 Feb
5. PMID: 29400704; PMCID: PMC6068164.

Kyrysyuk O, Wucherpfennig KW. Designing cancer immunotherapies that
engage T cells and NK cells. Annu Rev Immunol. 2023;41:17-38. https://doi.
org/10.1146/annurev-immunol-101921-044122. Epub 2022 Nov 29. PMID:
36446137; PMCID: PMC10159905.

Yul, Sun L, Liu X,Wang X, Yan H, Pu Q, Xie Y, Jiang Y, Du J, Yang Z. The imbal-
ance between NKG2A and NKG2D expression is involved in NK cell immuno-
suppression and tumor progression of patients with hepatitis B virus-related
hepatocellular carcinoma. Hepatol Res. 2023;53(5):417-431. https://doi.
0rg/10.1111/hepr.13877. Epub 2023 Feb 3. PMID: 36628564.

Wei L, Xiang Z, Zou Y. The role of NKG2D and its ligands in autoimmune
diseases: new targets for immunotherapy. Int J Mol Sci. 2023;24(24):17545.
https://doi.org/10.3390/ijms242417545. PMID: 38139373; PMCID:
PMC10744089.

Liu Z, Wang H, Liu H, Ding K, Shen H, Zhao X, Fu R. Targeting NKG2D/NKG2DL
axis in multiple myeloma therapy. Cytokine Growth Factor Rev. 2024;76:1-11.
https://doi.org/10.1016/j.cytogfr.2024.02.001. Epub 2024 Feb 15. PMID:
38378397.

Tan G, Spillane KM, Maher J. The role and regulation of the NKG2D/NKG2D
ligand system in cancer. Biology (Basel). 2023;12(8):1079. https://doi.
0rg/10.3390/biology12081079. PMID: 37626965; PMCID: PMC10452210.


https://doi.org/10.3389/fimmu.2021.733317
https://doi.org/10.1136/jitc-2022-006290
https://doi.org/10.3389/fphar.2018.00077
https://doi.org/10.3389/fphar.2018.00077
https://doi.org/10.3389/fbioe.2020.00911
https://doi.org/10.3389/fbioe.2020.00911
https://doi.org/10.3390/cancers13040874
https://doi.org/10.3390/cancers13040874
https://doi.org/10.3389/fcell.2020.00166
https://doi.org/10.1038/s41467-020-19058-4
https://doi.org/10.1038/s41577-019-0248-y
https://doi.org/10.1038/s41577-019-0248-y
https://doi.org/10.1136/gutjnl-2021-326553
https://doi.org/10.1038/s41596-019-0232-9
https://doi.org/10.1038/s41596-019-0232-9
https://doi.org/10.1038/s41416-022-01839-x
https://doi.org/10.1038/s41416-022-01839-x
https://doi.org/10.1038/s41587-022-01397-w
https://doi.org/10.1038/s41587-022-01397-w
https://doi.org/10.1038/s41551-023-01156-5
https://doi.org/10.1038/s41551-023-01156-5
https://doi.org/10.1186/s13046-022-02272-x
https://doi.org/10.3389/fimmu.2021.775758
https://doi.org/10.3389/fimmu.2021.775758
https://doi.org/10.1038/s41392-021-00484-9
https://doi.org/10.1186/s12943-023-01725-x
https://doi.org/10.1186/s12943-023-01725-x
https://doi.org/10.3389/fimmu.2023.1176807
https://doi.org/10.1371/journal.pone.0182039
https://doi.org/10.1371/journal.pone.0182039
https://doi.org/10.1016/j.joen.2022.04.011
https://doi.org/10.1016/j.joen.2022.04.011
https://doi.org/10.3390/cells12212514
https://doi.org/10.1186/s13287-024-03739-8
https://doi.org/10.3389/fimmu.2017.00316
https://doi.org/10.3389/fimmu.2017.00316
https://doi.org/10.1038/cmi.2017.161
https://doi.org/10.1146/annurev-immunol-101921-044122
https://doi.org/10.1146/annurev-immunol-101921-044122
https://doi.org/10.1111/hepr.13877
https://doi.org/10.1111/hepr.13877
https://doi.org/10.3390/ijms242417545
https://doi.org/10.1016/j.cytogfr.2024.02.001
https://doi.org/10.3390/biology12081079
https://doi.org/10.3390/biology12081079

Zhou et al. Journal of Translational Medicine

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

(2024) 22:856

Liu X, Song J, Zhang H, Liu X, Zuo F, Zhao Y, Zhao Y, Yin X, Guo X, Wu X, Zhang
H, Xu J,Hu J, Jing J, Ma X, Shi H. Immune checkpoint HLA-E:CD94-NKG2A
mediates evasion of circulating tumor cells from NK cell surveillance. Cancer
Cell. 2023;41(2):272-e2879. https://doi.org/10.1016/j.ccell.2023.01.001. Epub
2023 Jan 26. PMID: 36706761.

Salomé B, Sfakianos JP, Ranti D, Daza J, Bieber C, Charap A, Hammer C,
Banchereau R, Farkas AM, Ruan DF, Izadmehr S, Geanon D, Kelly G, de Real
RM, Lee B, Beaumont KG, Shroff S, Wang YA, Wang YC, Thin TH, Garcia-

Barros M, Hegewisch-Solloa E, Mace EM, Wang L, O'Donnell T, Chowell D,
Fernandez-Rodriguez R, Skobe M, Taylor N, Kim-Schulze S, Sebra RP, Palmer D,
Clancy-Thompson E, Hammond S, Kamphorst AO, Malmberg KJ, Marcenaro
E, Romero P, Brody R, Viard M, Yuki Y, Martin M, Carrington M, Mehrazin R,
Wiklund P, Mellman |, Mariathasan S, Zhu J, Galsky MD, Bhardwaj N, Horowitz
A. NKG2A and HLA-E define an alternative immune checkpoint axis in blad-
der cancer. Cancer Cell. 2022;40(9):1027-e10439. https://doi.org/10.1016/j.
ccell.2022.08.005. PMID: 36099881; PMCID: PMC9479122.

Courau T, Bonnereau J, Chicoteau J, Bottois H, Remark R, Assante Miranda

L, Toubert A, Blery M, Aparicio T, Allez M, Le Bourhis L. Cocultures of human
colorectal tumor spheroids with immune cells reveal the therapeutic
potential of MICA/B and NKG2A targeting for cancer treatment. J Immuno-
ther Cancer. 2019;7(1):74. https://doi.org/10.1186/540425-019-0553-9. PMID:
30871626; PMCID: PMC6417026.

Yao L, Hou J, Wu X, Lu Y, Jin Z,Yu Z,Yu B, Li J,Yang Z,Li C,Yan M, Zhu Z, Liu B,
Yan C, Su L. Cancer-associated fibroblasts impair the cytotoxic function of NK
cells in gastric cancer by inducing ferroptosis via iron regulation. Redox Biol.
2023,67:102923. Epub 2023 Oct 6. PMID: 37832398; PMCID: PMC10582581.
Beelen NA, Aberle MR, Bruno V, Olde Damink SWM, Bos GMJ, Rensen SS,
Wieten L. Antibody-dependent cellular cytotoxicity-inducing antibodies
enhance the natural killer cell anti-cancer response against patient-derived
pancreatic cancer organoids. Front Immunol. 2023;14:1133796. https://doi.
0rg/10.3389/fimmu.2023.1133796. PMID: 37520563; PMCID: PMC10375290.
Wang F, Zhang G, XuT, Ma J, Wang J, Liu S, Tang Y, Jin S, Li J, Xing N. High and
selective cytotoxicity of ex vivo expanded allogeneic human natural killer
cells from peripheral blood against bladder cancer: implications for natural
killer cell instillation after transurethral resection of bladder tumor. J Exp

Clin Cancer Res. 2024;43(1):24. https://doi.org/10.1186/513046-024-02955-7.
PMID: 38245792; PMCID: PMC10799482.

Van Wigcheren GF, De Haas N, Mulder TA, Horrevorts SK, Bloemendal M, Hins-
Debree S, Mao Y, Kiessling R, van Herpen CML, Flérez-Grau G, Hato SV, De
Vries IJM. Cisplatin inhibits frequency and suppressive activity of monocytic
myeloid-derived suppressor cells in cancer patients. Oncoimmunology.
2021;10(1):1935557. PMID: 34239773; PMCID: PMC8237969.

Wu Y, Yi M, Niu M, Mei Q, Wu K. Myeloid-derived suppressor cells: an emerg-
ing target for anticancer immunotherapy. Mol Cancer. 2022;21(1):184. https://
doi.org/10.1186/512943-022-01657-y. PMID: 36163047; PMCID: PMC9513992.
Li K, ShiH, Zhang B, Ou X, Ma Q, Chen Y, Shu P, Li D, Wang Y. Myeloid-derived
suppressor cells as immunosuppressive regulators and therapeutic targets in
cancer. Signal Transduct Target Ther. 2021,6(1):362. https://doi.org/10.1038/
$41392-021-00670-9. PMID: 34620838; PMCID: PM(C8497485.

Holokai L, Chakrabarti J, Lundy J, Croagh D, Adhikary P, Richards SS, Woodson
C, Steele N, Kuester R, Scott A, Khreiss M, Frankel T, Merchant J, Jenkins BJ,
Wang J, Shroff RT, Ahmad SA, Zavros Y. Murine- and human-derived autolo-
gous organoid/immune cell co-cultures as pre-clinical models of pancreatic
ductal adenocarcinoma. Cancers (Basel). 2020;12(12):3816. https://doi.
0rg/10.3390/cancers12123816. PMID: 33348809; PMCID: PMC7766822.

Albu DI, Wang Z, Huang KC, Wu J, Twine N, Leacu S, Ingersoll C, Parent L,

Lee W, Liu D, Wright-Michaud R, Kumar N, Kuznetsov G, Chen Q, Zheng W,
Nomoto K, Woodall-Jappe M, Bao X. EP4 antagonism by E7046 diminishes
myeloid immunosuppression and synergizes with Treg-reducing IL-2-diph-
theria toxin fusion protein in restoring anti-tumor immunity. Oncoimmunol-
ogy. 2017;6(8):21338239. PMID: 28920002; PMCID: PMC5593700.

Porta C, Consonni FM, Morlacchi S, Sangaletti S, Bleve A, Totaro MG, Larghi P,
Rimoldi M, Tripodo C, Strauss L, Banfi S, Storto M, Pressiani T, Rimassa L, Tartari
S, Ippolito A, Doni A, Solda G, Duga S, Piccolo V, Ostuni R, Natoli G, Bronte V,
Balzac F, Turco E, Hirsch E, Colombo MP, Sica A. Tumor-derived prostaglandin
E2 promotes p50 NF-kB-dependent differentiation of monocytic MDSCs.
Cancer Res. 2020;80(13):2874-88. https://doi.org/10.1158/0008-5472.CAN-19-
2843. Epub 2020 Apr 7. PMID: 32265223.

Cuenca-Escalona J, Subtil B, Garcia-Perez A, Cambi A, de Vries 1M, Flérez-Grau
G. EP2 and EP4 blockade prevents tumor-induced suppressive features

in human monocytic myeloid-derived suppressor cells. Front Immunol.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Page 12 of 13

2024;15:1355769. https://doi.org/10.3389/fimmu.2024.1355769. PMID:
38343540; PMCID: PMC10853404.

de Witte CJ, Espejo Valle-Inclan J, Hami N, Ldéhmussaar K, Kopper O, Vreuls
CPH, Jonges GN, van Diest P, Nguyen L, Clevers H, Kloosterman WP, Cuppen
E, Snippert HIG, Zweemer RP, Witteveen PO, Stelloo E. Patient-derived ovarian
cancer organoids mimic clinical response and exhibit heterogeneous inter-
and intrapatient drug responses. Cell Rep. 2020;31(11):107762. https://doi.
0rg/10.1016/j.celrep.2020.107762. PMID: 32553164.

Sun H, Wang H, Wang X, Aoki Y, Wang X, Yang Y, Cheng X, Wang Z, Wang X.
Aurora-A/SOX8/FOXK1 signaling axis promotes chemoresistance via sup-
pression of cell senescence and induction of glucose metabolism in ovarian
cancer organoids and cells. Theranostics. 2020;10(15):6928-45. https://doi.
0rg/10.7150/thno.43811. PMID: 32550913; PMCID: PMC7295065.

Maenhoudt N, Defraye C, Boretto M, Jan Z, Heremans R, Boeckx B, Hermans F,
Arijs I, Cox B, Van Nieuwenhuysen E, Vergote |, Van Rompuy AS, Lambrechts D,
Timmerman D, Vankelecom H. Developing organoids from ovarian cancer as
experimental and preclinical models. Stem Cell Rep. 2020;14(4):717-29. Epub
2020 Apr 2. PMID: 32243841, PMCID: PMC7160357.

Senkowski W, Gall-Mas L, Falco MM, Li Y, Lavikka K, Kriegbaum MC, Oikkonen
J, Bulanova D, Pietras EJ, Vol3grone K, Chen YJ, Erkan EP, Dai J, Lundgren A,
Grgnning Hag MK, Larsen IM, Lamminen T, Kaipio K, Huvila J, Virtanen A,
Engelholm L, Christiansen P, Santoni-Rugiu E, Huhtinen K, Carpén O, Hyn-
ninen J, Hautaniemi S, Véharautio A, Wennerberg K. A platform for efficient
establishment and drug-response profiling of high-grade serous ovarian
cancer organoids. Dev Cell. 2023;58(12):1106-e11217. Epub 2023 May 5.
PMID: 37148882; PMCID: PMC10281085.

Wang Z, Chen' W, Zuo L, Xu M, Wu Y, Huang J, Zhang X, Li Y, Wang J, Chen J,
Wang H, Sun H. The fibrillin-1/VEGFR2/STAT2 signaling axis promotes che-
moresistance via modulating glycolysis and angiogenesis in ovarian cancer
organoids and cells. Cancer Commun (Lond). 2022;42(3):245-65. Epub 2022
Mar 2. PMID: 35234370; PMCID: PMC8923131.

Cesari E, Ciucci A, Pieraccioli M, Caggiano C, Nero C, Bonvissuto D, Sillano

F, Buttarelli M, Piermattei A, Loverro M, Camarda F, Greco V, De Bonis M,
Minucci A, Gallo D, Urbani A, Vizzielli G, Scambia G, Sette C. Dual inhibition
of CDK12 and CDK13 uncovers actionable vulnerabilities in patient-derived
ovarian cancer organoids. J Exp Clin Cancer Res. 2023;42(1):126. https://doi.
0rg/10.1186/513046-023-02682-5. PMID: 37202753; PMCID: PMC10193743.
Compadre AJ, van Biljon LN, Valentine MC, Llop-Guevara A, Graham E,
Fashemi B, Herencia-Ropero A, Kotnik EN, Cooper |, Harrington SP, Kuroki LM,
McCourt CK, Hagemann AR, Thaker PH, Mutch DG, Powell MA, Sun L, Mosam-
maparast N, Serra V, Zhao P, Lomonosova E, Khabele D, Mullen MM. RAD51
foci as a biomarker predictive of platinum chemotherapy response in ovarian
cancer. Clin Cancer Res. 2023;29(13):2466-79. https://doi.org/10.1158/1078-
0432.CCR-22-3335. PMID: 37097615; PMCID: PMC10320470.

Boretto M, Maenhoudt N, Luo X, Hennes A, Boeckx B, Bui B, Heremans R,
Perneel L, Kobayashi H, Van Zundert |, Brems H, Cox B, Ferrante M, Uji-I H, Koh
KP, D'Hooghe T, Vanhie A, Vergote |, Meuleman C, Tomassetti C, Lambrechts
D, Vriens J, Timmerman D, Vankelecom H. Patient-derived organoids from
endometrial disease capture clinical heterogeneity and are amenable to drug
screening. Nat Cell Biol. 2019;21(8):1041-51. https://doi.org/10.1038/541556-
019-0360-z. Epub 2019 Aug 1. PMID: 31371824.

Wu YL, Li JQ, Sulaiman Z, Liu Q Wang CY, Liu SP, Gao ZL, Cheng ZP. Optimiza-
tion of endometrial cancer organoids establishment by cancer-associated
fibroblasts. Neoplasma. 2022;69(4):877-85. https://doi.org/10.4149/
neo_2022_211110N1597. Epub 2022 May 23. PMID: 35603951.

Su P, Mao X, Ma J, Huang L, Yu L, Tang S, Zhuang M, Lu Z, Osafo KS, Ren Y,
Wang X, Lin X, Huang L, Huang X, Braicu El, Sehouli J, Sun P. ERRa pro-

motes glycolytic metabolism and targets the NLRP3/caspase-1/GSDMD
pathway to regulate pyroptosis in endometrial cancer. J Exp Clin Cancer

Res. 2023;42(1):274. https://doi.org/10.1186/513046-023-02834-7. PMID:
37864196; PMCID: PMC10588109.

Katcher A, Yueh B, Ozler K, Nizam A, Kredentser A, Chung C, Frimer M,
Goldberg GL, Beyaz S. Establishing patient-derived organoids from human
endometrial cancer and normal endometrium. Front Endocrinol (Lausanne).
2023;14:1059228. https://doi.org/10.3389/fend0.2023.1059228. PMID:
37124727, PMCID: PMC10140435.

Chen X, Liu X, Li QH, Lu BF, Xie BM, Ji YM, Zhao Y. A patient-derived organoid-
based study identified an ASO targeting SNORD14E for endometrial cancer
through reducing aberrant FOXM1 expression and B-catenin nuclear
accumulation. J Exp Clin Cancer Res. 2023;42(1):230. https://doi.org/10.1186/
$13046-023-02801-2. PMID: 37667311; PMCID: PMC10478245.


https://doi.org/10.1016/j.ccell.2023.01.001
https://doi.org/10.1016/j.ccell.2022.08.005
https://doi.org/10.1016/j.ccell.2022.08.005
https://doi.org/10.1186/s40425-019-0553-9
https://doi.org/10.3389/fimmu.2023.1133796
https://doi.org/10.3389/fimmu.2023.1133796
https://doi.org/10.1186/s13046-024-02955-7
https://doi.org/10.1186/s12943-022-01657-y
https://doi.org/10.1186/s12943-022-01657-y
https://doi.org/10.1038/s41392-021-00670-9
https://doi.org/10.1038/s41392-021-00670-9
https://doi.org/10.3390/cancers12123816
https://doi.org/10.3390/cancers12123816
https://doi.org/10.1158/0008-5472.CAN-19-2843
https://doi.org/10.1158/0008-5472.CAN-19-2843
https://doi.org/10.3389/fimmu.2024.1355769
https://doi.org/10.1016/j.celrep.2020.107762
https://doi.org/10.1016/j.celrep.2020.107762
https://doi.org/10.7150/thno.43811
https://doi.org/10.7150/thno.43811
https://doi.org/10.1186/s13046-023-02682-5
https://doi.org/10.1186/s13046-023-02682-5
https://doi.org/10.1158/1078-0432.CCR-22-3335
https://doi.org/10.1158/1078-0432.CCR-22-3335
https://doi.org/10.1038/s41556-019-0360-z
https://doi.org/10.1038/s41556-019-0360-z
https://doi.org/10.4149/neo_2022_211110N1597
https://doi.org/10.4149/neo_2022_211110N1597
https://doi.org/10.1186/s13046-023-02834-7
https://doi.org/10.3389/fendo.2023.1059228
https://doi.org/10.1186/s13046-023-02801-2
https://doi.org/10.1186/s13046-023-02801-2

Zhou et al. Journal of Translational Medicine

82.

83.

84.

85.

86.

87.

(2024) 22:856

Jamaluddin MFB, Ko YA, Ghosh A, Syed SM, lus Y, O'Sullivan R, Netherton JK,
Baker MA, Nahar P, Jaaback K, Tanwar PS. Proteomic and functional character-
ization of intra-tumor heterogeneity in human endometrial cancer. Cell Rep
Med. 2022;3(9):100738. https://doi.org/10.1016/j.xcrm.2022.100738. Epub
2022 Sep 13. PMID: 36103879; PMCID: PMC9512672.

Yang X, Liu Z, Tang W, Pratap UP, Collier AB, Altwegg KA, Gopalam R, Li X, Yuan
Y, Zhou D, Lai Z, Chen Y, Sareddy GR, Valente PT, Kost ER, Viswanadhapalli

S, Vadlamudi RK. PELP1 inhibition by SMIP34 reduces endometrial cancer
progression via attenuation of ribosomal biogenesis. Mol Oncol. 2023
Oct;19. https://doi.org/10.1002/1878-0261.13539. Epub ahead of print. PMID:
37853941,

Mukhopadhyay M. Organoid systems to recapitulate cervical cancer. Nat
Methods. 2021;18(6):596. https://doi.org/10.1038/541592-021-01191-7. PMID:
34099931.

Shen'Y,Wang Y, Wang SY, Li C, Han FJ. Research progress on the application
of organoids in gynecological tumors. Front Pharmacol. 2024;15:1417576.
https://doi.org/10.3389/fphar.2024.1417576. PMID: 38989138; PMCID:
PMC11234177.

Léhmussaar K, Oka R, Espejo Valle-Inclan J, Smits MHH, Wardak H, Korving J,
Begthel H, Proost N, van de Ven M, Kranenburg OW, Jonges TGN, Zweemer
RP, Veersema S, van Boxtel R, Clevers H. Patient-derived organoids model
cervical tissue dynamics and viral oncogenesis in cervical cancer. Cell Stem
Cell. 2021;28(8):1380-e13966. Epub 2021 Apr 13. PMID: 33852917.

Dong J, Holthaus D, Peters C, Koster S, Ehsani M, Quevedo-Olmos A, Berger
H, Zarobkiewicz M, Mangler M, Gurumurthy RK, Hedemann N, Chumduri C,
Kabelitz D, Meyer TF. yO T cell-mediated cytotoxicity against patient-derived
healthy and cancer cervical organoids. Front Immunol. 2023;14:1281646.
https://doi.org/10.3389/fimmu.2023.1281646. PMID: 38090581; PMCID:
PMC10711208.

Huang H, PanY, Huang J, Zhang C, Liao Y, Du Q, Qin S, Chen Y, Tan H, Chen M,
XuM, Xia M, LiuY, Li J, LiuT, Zou Q, Zhou Y, Yuan L, Wang W, Liang Y, Pan CY,

88.

89.

90.

Page 13 of 13

Liu J,Yao S. Patient-derived organoids as personalized avatars and a potential
immunotherapy model in cervical cancer. iScience. 2023;26(11):108198.
https://doi.org/10.1016/.isci.2023.108198. PMID: 38026204; PMCID:
PMC10679865.

Polak R, Zhang ET, Kuo CJ. Cancer organoids 2.0: modelling the complexity of
the tumour immune microenvironment. Nat Rev Cancer. 2024;24(8):523-39.
https://doi.org/10.1038/541568-024-00706-6. Epub 2024 Jul 8. PMID:
38977835.

Lee SH, Hu W, Matulay JT, Silva MV, Owczarek TB, Kim K, Chua CW, Barlow

LJ, Kandoth C, Williams AB, Bergren SK, Pietzak EJ, Anderson CB, Benson

MC, Coleman JA, Taylor BS, Abate-Shen C, McKiernan JM, Al-Ahmadie H,

Solit DB, Shen MM. Tumor evolution and drug response in patient-derived
organoid models of bladder cancer. Cell. 2018;173(2):515-e52817. https://doi.
0rg/10.1016/j.cell.2018.03.017. PMID: 29625057; PMCID: PMC5890941.
Vlachogiannis G, Hedayat S, Vatsiou A, Jamin Y, Fernandez-Mateos J, Khan K,
Lampis A, Eason K, Huntingford |, Burke R, Rata M, Koh DM, Tunariu N, Collins
D, Hulkki-Wilson S, Ragulan C, Spiteri |, Moorcraft SY, Chau |, Rao S, Watkins D,
Fotiadis N, Bali M, Darvish-Damavandi M, Lote H, Eltahir Z, Smyth EC, Begum
R, Clarke PA, Hahne JC, Dowsett M, de Bono J, Workman P, Sadanandam A,
Fassan M, Sansom OJ, Eccles S, Starling N, Braconi C, Sottoriva A, Robinson

SP, Cunningham D, Valeri N. Patient-derived organoids model treatment
response of metastatic gastrointestinal cancers. Science. 2018;359(6378):920-
6. https://doi.org/10.1126/science.aao2774. PMID: 29472484; PMCID:
PMC6112415.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.xcrm.2022.100738
https://doi.org/10.1002/1878-0261.13539
https://doi.org/10.1038/s41592-021-01191-7
https://doi.org/10.3389/fphar.2024.1417576
https://doi.org/10.3389/fimmu.2023.1281646
https://doi.org/10.1016/j.isci.2023.108198
https://doi.org/10.1038/s41568-024-00706-6
https://doi.org/10.1016/j.cell.2018.03.017
https://doi.org/10.1016/j.cell.2018.03.017
https://doi.org/10.1126/science.aao2774

	﻿The use of organoids in creating immune microenvironments and treating gynecological tumors
	﻿Abstract
	﻿Introduction
	﻿Establishment of PDO models
	﻿Advancements and clinical implications of the organoid–immune cell co-culture model
	﻿T cells
	﻿Monocytes and macrophages
	﻿Natural killer (NK) cells
	﻿Myeloid-derived suppressor cells (MDSCs)

	﻿Utilization of organoids in fundamental and translational investigations of gynecological malignancies
	﻿Ovarian cancer
	﻿Endometrial cancer
	﻿Cervical cancer

	﻿Debate surrounding organoids
	﻿Technical challenges
	﻿Ethical considerations

	﻿Conclusion
	﻿References


