
R E V I E W Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Zhou et al. Journal of Translational Medicine          (2024) 22:856 
https://doi.org/10.1186/s12967-024-05649-y

Journal of Translational 
Medicine

*Correspondence:
Yang Zhao
yida.zhaoyang@163.com
1Department of Obstetrics and Gynecology, Department of Gynecologic 
Oncology Research Office, Guangzhou Key Laboratory of Targeted 
Therapy for Gynecologic Oncology, Guangdong Provincial Key Laboratory 
of Major Obstetric Diseases, Guangdong Provincial Clinical Research 
Center for Obstetrics and Gynecology, Guangdong-Hong Kong-Macao 
Greater Bay Area Higher Education Joint Laboratory of Maternal-Fetal 
Medicine, The Third Affiliated Hospital, Guangzhou Medical University, 
No.63 Duobao Road, Liwan District, Guangzhou City, Guangdong 
Province, P.R. China

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 

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 
MMTV integration site family, member 3  A are among 

Table 1  A comparison of Organoids and two-dimensional cell 
cultures with patient-derived xenografts in Oncology
Parameters/Models 2D Cell 

culture
PDX Human 

organs
Establishing system Acceptable Acceptable Good
Cost Satisfactory Acceptable Good
Convenient for 
maintenance

Satisfactory Acceptable Good

Complexity of Physiology Unacceptable Satisfactory Acceptable
Experiment duration Satisfactory Satisfactory Satisfactory
Reproductive Develop-
ment Studies

Unacceptable Unacceptable Good

Genome-wide screening Satisfactory Unacceptable Good
Genetic modification Satisfactory Unacceptable Satisfactory
Reproduction of Human 
Physiology

Acceptable Satisfactory Satisfactory

2D: two-dimensional; PDX: patient-derived xenograft
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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-β1, 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].

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 

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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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 

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

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)-β and inter-
leukin (IL)-10 [38–40]. Reportedly, TAMs impede T cell 
activation and function by secreting immunosuppres-
sive cytokines such as TGF-β, 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-1β, IL-6, 
and TGF-β, within the liver organoids, suggesting the 

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
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.

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

Matrigel-based 3D 
organoid culture in 
Matrigel

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

In co-cultivation, 
challenges are 
encountered in the 
proliferation and 
regenerative ca-
pacity of organoids, 
which are complex 
to manage and 
entail high costs.

Microfluidic 
chamber

Interactions mediated by 
cell–cell contacts in 3D mod-
els; signaling transduction 
through paracrine secretion 
of cell-derived factors.

Sophisticated 
equipment tech-
nology manufac-
turing and system 
configuration.

RNA: ribonucleic acid; TME: tumor microenvironment; 3D: three-dimensional; 
2D: two-dimensional
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inflammatory role of macrophages in these organoids. 
Furthermore, the study identified increased expression 
of macrophage-related genes, such as CD206, α-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 

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. 



Page 7 of 13Zhou et al. Journal of Translational Medicine          (2024) 22:856 

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 

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 

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 α 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 β-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 

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 

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.
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