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Abstract: Gynecological cancers pose great health threats to women, in which ovarian cancer (OC), cervical cancer (CC) and
endometrial cancer (EC) are most common. Conventional treatment modalities for gynecological cancers, such as surgery, chemother-
apy and radiotherapy, are usually affected by multiple factors like drug resistance and recurrence. Organoids, a three-dimensional
culture system derived from stem cells, have been demonstrated to recapitulate the biological structure and function of human organs
and gradually used in the treatment of various cancer types, including gynecological cancers. The organoids established from
gynecological cancers have patient tumor-dependent morphology and disease characteristics while retaining the tumor’s marker
expression and genomic profiling, and present heterogeneous inter- and intra-patient drug responses, offering novel insights into
drug response of the individual patients. This review provides an overview of recent advancements in the development and application
of organoids from gynecological cancers, promoting the understanding of the mechanism underlying tumorigenesis, drug screening
prediction and personalized treatment application in gynecological cancers.
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Introduction

Gynecological cancers are the unregulated growth of neoplastic cells arising in the ovaries, uterus, cervix, fallopian tubes,
vulva and vagina, among which ovarian cancer (OC), cervical cancer (CC) and endometrial cancer (EC) are most common. '
According to the estimates of the International Agency for Research on Cancer, the incidence of gynecological cancers is
increasing year by year, posing a serious threat to women’s lives and health.? Currently, comprehensive approaches mainly
based on surgery, chemotherapy, radiotherapy and targeted therapy are commonly used for gynecological cancers.”*
Nevertheless, for gynecological cancers, complete surgical resection is challenging due to the unique anatomical relationship,
consequently resulting in high recurrence rates. Although chemotherapy plays a crucial role in improving surgical cure rates
and reducing recurrence rates, some patients show lowly sensitive to chemotherapeutic agents or develop resistance, limiting

the survival improvement.” Additionally, the efficacy of radiotherapy is also compromised in the cases of poor anatomical
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conditions, extensive pelvic adhesions or retroperitoneal lymph node metastasis.®” Therefore, it is very necessary to seek more
effective and precise treatment methods to improve the survival outcomes of patients with gynecological cancers.

Conventional cancer cell lines and patient-derived xenograft (PDX) models play important roles in drug screening,
but they both have certain limitations. Cancer cell lines cannot simulate the tumor microenvironment (TME) of tumor
growth during culture, thus losing the physiological characteristics and heterogeneity of tumor cells.® Although PDX
models can fully recapitulate the basic process of the tumor interaction with in vivo environment, they are time-
consuming, expensive and may undergo mouse-specific tumor evolution rendering them unable to reflect the pathogenic
process of patients.”'® Organoids, a three-dimensional (3D) culture system derived from stem cells, have been demon-
strated to recapitulate the biological structure and function of human organs. They can be established from different
sources of stem cells, such as induced pluripotent stem cells (iPSCs), adult stem cells (ASCs) and embryonic stem cells
(ESCs), and each of them had unique advantages in cancer research (Figure 1). To investigate the mechanisms of
tumorigenesis, screen drugs, or perform functional genomics studies, PSC and ESC-derived organoids are usually
genetically engineered to simulate oncogenic mutations.'' In precision oncology, ASC-derived organoids are valuable
due to their capability of maintaining genomic integrity and TME of the original tumor. Moreover, the recently emerging
integrated technology of organoids with TME further promotes the organoid capability of capturing tumor-immune
interactions and predicting the treatment response.'? Hence, the organoid system as a powerful model shows promise in
understanding tumor biology and guiding personalized treatment.

Over the past few years, the patient-derived tumor organoids (PDTOs) have been gradually used in the treatment of
various cancer types, including gynecological cancers.'* '® By establishing patient-derived OC organoids, Maenhoudt
et al found that these organoids could not only have patient tumor-dependent morphology and disease characteristics but
also retain the tumor’s marker expression and genomic profiling.'” de Witte et al further demonstrated that OC organoids
showed heterogeneous inter- and intra-patient drug responses while mimicking the clinical response, offering novel
insights into drug response of the individual patient with OC.'® Importantly, the ovarian organoid-based drug sensitivity
testing was closely associated with the patient clinical response, which promoted the personalized screening of drugs and
application of precision medicine.'® Overall, PDTOs show a promising prospect in both basic and clinical studies of
gynecological cancers. Here, we reviewed the culture techniques and application strategies of organoids from gyneco-
logical cancers to enhance the realization of precision medicine in gynecological cancers.
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Figure | Application of organoids derived from adult stem cells (ASCs) and pluripotent stem cells (PSCs).
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Culture Techniques for Gynecological Cancers

Currently, there are three common approaches for establishing PDTOs, including Matrigel culture, air-liquid interface
(ALI) culture and microfluidic culture, in which Matrigel culture is most typical and frequent. The dissociated glandular
epithelial cells or cell clusters are resuspended in extracellular matrix (ECM) hydrogel, such as basement membrane
extract (BME) or Matrigel, and then seeded into 24-well or 48-well plates to form domes. Finally, an appropriate volume
of organoid culture medium is added to submerge the domes for cultivation.'® Compared with the traditional 2D culture
model, ALI and microfluidic culture techniques are innovative as they can mimic the natural growth environment of
tumor cells in a 3D space, which is closer to the real situation in vivo.?’ Then, the application of these culture techniques
in gynecological cancers was described.

Matrigel Culture

As a scaffold for cell growth, the ECM not only provides a site for cell attachment, growth, and differentiation but also
simulates the natural environment for cell growth. It effectively promotes the formation of organoids and ensures the
maintenance of their physiological functions. Rinehart et al first developed a method for in vitro culture of human
endometrial glandular epithelium, in which a serum-free culture medium combined with Matrigel was used as a coating
for cell culture plates, allowing the cells to grow in a monolayer and then spontaneously forming glandular or organoid
structures.?' Subsequently, the culture method for EC organoids was further improved. Maru et al cultured the dissociated
tumor cells on the solidified BME overnight and then covered the living cells with another layer of basement membrane
extract, which significantly increased the success rate of organoid culture from 45% to 90%.?* In the study made by
Boretto et al, the effect of the medium components on the growth of EC organoids was observed, and the results showed
that RSPO1, a WNT signaling enhancer, was an indispensable factor for organoid growth. Meanwhile, a long-term
in vitro proliferation of EC organoids was also achieved through adjustment of the medium components.*

Kopper et al proposed an effective culture protocol for OC organoids. They first collected tissues from primary tumors or
metastatic lesions, dissociated the tumor cells, and then suspended these cells in the basement membrane extract.”* By coating
and supplementing the culture medium, they successfully established OC organoid models. Notably, hydrocortisone,
forskolin, and heregulin B-1 were added to the culture medium, which significantly improved the formation efficiency of
OC organoids. Additionally, Maru et al first established a PDTO model from cervical clear cell carcinoma, in which patient-
derived cells were seeded on the solidified Matrigel and cultured in serum-free medium, resulting in the formation of small or
large solid structures with multiple buds.”> However, the organoids established by Matrigel culture only preserve epithelial
components and lack stromal components.”® Therefore, it is necessary to establish a co-culture system of organoids with

fibroblasts or immune cells to study the interactions between different types of cells.?*=

ALl Culture

Unlike the Matrigel culture, the ALI culture retains not only epithelial cells but also stromal cells and immune cells,
allowing for accurately recapitulating the stem cell niche in the organoid culture system and facilitating the investigation
of in vitro interactions between tumor and immune cells in the tumor microenvironment.”**° Without the need for
exogenous growth factor supplementation, Li et al successfully established the robust organoids with both epithelial and
mesenchymal components from the small intestine, colon, and stomach using the ALI culture method that was realized
by forming inner and outer culture dishes through a transwell chamber.*® Afterwards, the ALI method was extended to
culture clinical tumor samples as the PDTOs. In the environment of the ALI culture, fibroblasts and various immune cell
populations, such as T cells, B cells and macrophages, from primary tumor tissues could continuously proliferate for
several weeks, while retaining the diversity of T cell clones in the original tumor.*’

Currently, the ALI culture has been gradually applied in various tumors, including renal cell carcinoma and colorectal
cancer,’'*? but its application in gynecological cancers remains in the initial stage. Dong et al developed a perfusion air
culture (PAC) system that could provide a continuous and controllable oxygen medium and drug supply, adaptable for
assessing drug responses in a tissue-specific microenvironment.®* In this study, fresh human ovarian tumor tissues were
alternatively cultured on a self-made PAC system. It was observed that cisplatin treatment could induce increased
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cleavage of caspase-3 and PD-L1 expression, highlighting the heterogeneity of responses to drugs in different patients.*
In another study, novel endometrial assembloids were developed by combining endometrial epithelial cells and stromal
cells based on an improved matrix and ALI culture method, which not only recapitulated the anatomical structure of the
human endometrium, cellular composition, and hormone-induced menstrual cycle changes but also exhibited the gene
expression profiles and dynamic ciliation.>* These groundbreaking studies provide new perspectives for subsequent
research and lay a solid foundation for expanding future therapeutic strategies.

Microfluidic Culture

Microfluidics is a technology that manipulates fluids in the volume range from nanoliters to microliters through micron-
scale channel networks.>> By dynamically replenishing the culture medium, microfluidic technology enables precise
control of organoids and provides dynamic physical conditions, allowing organoids to be cultured uniformly in large
quantities while maintaining a complex microenvironment.*® The high-throughput microfluidic platform can realize the
repeatable and mass production of homogencous organoids, thus facilitating high-throughput drug screening. In
a previous study, a microfluidic platform termed EVATAR was created after reproductive tract tissues and peripheral
organs were integrated, which represented a powerful tool that allowed organ-organ integration of hormonal signaling as
a phenocopy of menstrual cycle and pregnancy-like endocrine loops, with great potential in drug discovery and
toxicology studies.*” To date, however, EVATAR is only used in the non-malignant reproductive tract. In the future, it
will be interesting to investigate its application in gynecological malignancies.

Application of Organoids from Gynecological Cancers

Compared with conventional cancer cell lines, PDTOs can preserve the histological, genetic and molecular characteristics of the
original tumors more accurately, thus allowing for a more profound understanding of the molecular mechanisms underlying
gynecological cancers (Figure 2). As a promising platform for drug screening and personalized medication evaluation, PDTOs
offer a closer approximation to clinical conditions, promoting their application in research and therapeutic development.
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OC

OC is one of the most lethal gynecological malignancies, with over 240000 new cases diagnosed annually and a 5-year
survival rate of less than 45%.%® Due to the presence of high heterogeneity in OC, accurate assessment of tumor
heterogeneity is particularly crucial for predicting drug resistance and exploring effective therapeutic approaches.

OC organoids, a 3D dynamic tumor model, can be established from tumor tissues, pleural effusions or ascites of OC
patients, consequently recapitulating the tumor clonal heterogeneity, tumor microenvironment, cell-cell and cell-matrix
interactions. It has been demonstrated that OC organoids have a high concordance with original tumors in histologic,
genomic and transcriptomic features.* Regarding the replication of primary tumor characteristics and treatment responses,
PDTOs from ovarian clear cell carcinoma were superior to conventional 2D cell lines, and they could reflect clinical drug
resistance.*® Notably, strong spheroid and tumor-forming capabilities and higher drug resistance were shown in the
iOVCAR-3-OSKM model that could develop into organoids to simulate the poor prognostic features of OC while
maintaining the ovarian lineage differentiation abilities, providing a potential strategy for personalized treatment in OC.*!

Drug Screening

Over the past few years, numerous studies have focused on establishing and applying OC organoid models to advance the
clinical treatment.'”*** Kopper et al established 56 organoids from different pathological subtypes of OC, with
a success rate of up to 65%.2* Meanwhile, they also demonstrated that OC organoids could be used for drug screening
and recapitulate the responses of different tumor subtypes to the standard platinum-based chemotherapy. Phan et al
developed a small-scale high-throughput organoid screening system by seeding cells around the rim of the wells, and
successfully cultured organoids from 2 ovarian and 1 peritoneal high-grade serous carcinomas and 1 carcinosarcoma of
the ovary, laying the foundation for high-throughput drug screening.*> By developing expandable OC organoids, Nanki
et al performed drug sensitivity testing on 23 FDA-approved drugs and found that these organoid models had great
potential in screening personalized therapeutic drugs.*? Additionally, short-term organoid culture from high-grade serous
ovarian carcinoma (HGSOC) malignant effusions can also be used as a potential platform for drug sensitivity testing.**

OC organoids can not only retain the patient tumor-dependent morphology and disease characteristics but also capture
the original tumor marker expression and mutational landscape. In a previous study, HGSOC organoids showed tumor-
specific sensitivity to clinical chemotherapeutic drugs in HGSOC.!” Moreover, a functional defect in homologous
recombination (HR) in the HGSOC organoids was associated with the sensitivity of poly-ADP ribose polymerase
inhibitors (PARPi), regardless of DNA repair gene mutational status.*> Importantly, genomic analysis combined with
organoid functional testing allowed for the identification of targetable DNA damage repair defects, offering a rapid
means of evaluating targetable defects and more appropriate treatment options for OC.

Currently, combination therapy is frequently used for the treatment of OC. By assessing the ability of OC organoids
to predict clinical drug response and functional consequences of tumor heterogeneity, de Witte et al demonstrated that
OC organoids could faithfully recapitulate the patient response to neoadjuvant carboplatin/paclitaxel combination
therapy, and inter- and intra-patient heterogeneity of drug response to both chemotherapeutic and targeted drugs was
present in organoids,'® making the organoid model more closer to the clinical application.

Due to lack of stromal components, PDTOs are limited in studying the effect of tumor microenvironment on tumor
behaviors. Several studies have shown the potential of PDTOs in studying the mechanisms of immunotherapy efficacy
and resistance when being cocultured with immune cells.'®'7****7 Nevertheless, the value of adding immune
checkpoint inhibitors, such as such as cytotoxic T lymphocyte associated antigen-4 (CTLA-4) and programmed death-
1 (PD-1)/programmed death ligand-1 (PD-L1) inhibitors, to standard treatment remains unclear, and is being emphasized
in ongoing clinical trials for OC. Combining CTLA-4 and PD-1 inhibitors may promote the immunotherapy efficacy in
epithelial ovarian cancer, and the relevant studies on combination of immune checkpoint inhibitors with other emerging
treatment methods are underway.*® Notably, there is no solid evidence regarding the co-culture of PDTOs with immune
cells in predicting immunotherapy efficacy. In the future, the co-culture technology of PDTOs with immune cells may be
attempted to predict the immunotherapy efficacy in epithelial ovarian cancer.
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Mechanisms Underlying Drug Resistance and Tumorigenesis

The advent of organoid technology has revolutionized cancer research, particularly for gynecologic cancers. Due to
maintenance of the genetic and phenotypic features of the original tumors, PDTOs have been an ideal model to study the
tumor cell interactions with the microenvironment, essential for understanding the potential mechanisms underlying drug
resistance, tumorigenesis, progression, and metastasis.

Based on OC organoids, Aurora-A/SOX8/FOXKI1 signaling axis was identified to enhance cisplatin chemoresistance
through inhibition of cell senescence and induction of glucose metabolism.*” Wang et al found that the expression of
FBNI1 was significantly increased in cisplatin-resistant OC organoids and tissues, while knockout of FBNI1 could
decrease glycolysis, damage angiogenesis, and enhance the sensitivity to cisplatin.’® Through modulation of glycolysis
and angiogenesis, FBN-1/VEGFR2/STAT?2 signaling axis facilitated cisplatin chemoresistance in OC organoids. These
findings suggest a novel mechanism of cisplatin resistance and offering potential therapeutic targets to overcome
chemoresistance in OC.

Akt-activated endothelial cells could form resistant vascular spheroids when cocultured with OC cells. During
vascular spheroids, FGF2, Pentraxin 3, PD-ECGF and TIMP-1 were all involved, and Notch3/Jagged! pathway was
also identified in the interactions between OC cells and endothelial cells, which was associated with the proliferation of
OC cells and peritoneal invasion.”’ Based on OC organoids, circRAD23B was found to facilitate proliferation and
decrease sensitivity to carboplatin, consistent with in vivo findings.’* Meanwhile, the upregulation of miR-1287-5p could
partially reverse the pro-proliferation and carboplatin resistance mediated by circRAD23B. Moreover, there is also
a study suggesting that the expression of SGK1 and VEGFA was increased in cisplatin-resistant and cisplatin-sensitive
OC organoids, respectively.” Interestingly, the model genes were mainly enriched in the PPAR signaling pathway,
a pivotal regulator in chemoresistance and tumorigenesis. By establishing organoids from human fallopian tube
epithelium, Dai et al observed that TP53 deletion could salvage the adverse effects of RADS1D deletion on the
proliferation, stemness, senescence, and apoptosis in fallopian tube epithelial organoids.”* Except for downregulating
cilia assembly, development and motility, TP53 and RADS51D co-deletion also upregulated various HGSOC-associated
pathways, including the IL-17 signaling pathway, thereby enhancing the sensitivity to platinum, PARPi and cell cycle-
associated medication.® The findings above highlight the application of RADS51D-mutant fallopian tube epithelial
organoids in the early detection of tumorigenesis, mechanistic exploration, and drug screening.

CC

CC is globally the fourth most common malignancy in individuals assigned female at birth, with 85% of cases occurring
in developing countries.”> With the widespread use of human papillomavirus (HPV) vaccines, precancerous screening
and timely surgical treatment, the incidence and mortality of CC have been decreased significantly, but for metastatic and
recurrent CC it is still difficult to be cured completely. Currently, there is a lack of biomarkers that can accurately
evaluate the therapeutic effect of cervical cancer. Therefore, there is an urgent need for a new clinical model to predict
the treatment response based on tumor characteristics.

Drug Screening

CC organoids can be successfully established using Pap smear-derived cervical tumor tissues, which can not only form
the tumors but also faithfully retain the key features of the original tumors, indicating the tumorigenic capability of the
organoid models.>® Maru et al first cultured the organoids from a patient with cervical clear cell carcinoma (cCCC) and
demonstrated that the cCCC organoids resembled the original cCCC components in histology, immunostaining profile,
and genome-wide copy number variations.>> Notably, these organoids were sensitive to major chemotherapeutic drugs
and MET inhibitors. By constructing the organoids from 4 patients with different types of cervical cancer, Seol et al
found that the organoids could preserve the major elements of the original tumors, such as DNA copy number and
mutational profiles, and KMT2C mutations in different types of CC organoids were identified, indicating a latent
therapeutic target.”® In addition, 7 drugs with growth inhibition in CC organoids were selected from 171 FDA-
approved drugs. Importantly, squamous cell carcinoma and villoglandular carcinoma showed sensitive to radiotherapy,

5766 https: International Journal of Women’s Health 2025:17



Hu et al

while adenocarcinoma and large-cell neuroendocrine carcinoma were resistant to radiotherapy.”> These results further
unveil that PDTOs from CC may serve as a useful platform for drug screening and radiation sensitivity testing. Di Fonte
et al performed drug sensitivity testing based on CC organoids and revealed that propranolol, a f-blocker, could enhance
the therapeutic effect of trabectedin, an oncogene transcription inhibitor, in the treatment of CC.’’ Kusakabe et al
established HPV18-positive small cell carcinoma of the uterine cervix (SCCC) organoids, and new therapeutic targets
were identified using transcriptomics and genomics. Drug sensitivity testing revealed strong anti-cancer effects of
a KRAS pathway inhibitor on SCCC organoids, which were also validated in the PDX model.?” Therefore, establishment
of PDTOs can be effectively used for drug sensitivity testing, promoting the development of personalized treatment in
cervical cancer.

Radiation therapy is one of the main treatment modalities for CC, but patients with CC exhibit varying degrees of
radiosensitivity. The measurement of radiation sensitivity using organoids provides a new possibility for predicting the
efficacy of tumor radiotherapy and exploring the mechanisms of radiation resistance. In a previous study, the survival
outcomes of patients with squamous mesenchymal subtype were worse than those with other 2 molecular subtypes.
Based on CC organoids, they demonstrated that an increase in mesenchymal components in cancer cells and elevated
glycolysis levels enhanced radiation resistance, thereby reducing radiotherapy efficacy.”® Huang et al compared the
radiation sensitivity of 14 independent CC organoids under different radiation doses and observed differences in
radiosensitivity among CC organoids derived from different patients, which was further verified by transplanting the
organoids into immunodeficient mice.>® Notably, the efficacy of chemotherapy-sensitized radiotherapy was also deter-
mined using the PDTOs from 2 patients with advanced cervical cancer, and consistent treatment response with
experimental prediction was obtained in the subsequent clinical follow-up.

The immune system plays a crucial role in the process of tumor malignant transformation. The interaction between
HPV-infected cervical cells and the immune microenvironment influences the progression of cervical cancer. The main
effector cells of anti-tumor immunity include natural killer cells and T cells, and the co-culture system of organoids and
immune cells provides a new platform for immunotherapy.®® To simulate individual responses to adoptive T cell therapy
(ACT), Huang et al cocultured the expanded tumor-infiltrating lymphocytes with paired organoids. By observing the
specificity of CC organoids from different patients, they demonstrated that 77NV mutations might be a potential predictive
factor for ACT in CC.>° Furthermore, Dong et al also constructed a coculture system of y8T cells with CC organoids,
which could be used to validate the immunotherapeutic effect of yoT cells on cervical cancer, offering a novel in vitro
model to optimize the patient-specific immunotherapy in CC.®'

Mechanisms Underlying Tumorigenesis
By developing an effective method for organoid culture of gynecological cancer, Maru et al observed that the organoids
established could preserve various characteristics of the original tumor, such as histological features, mutation profiles
and intra-tumoral heterogeneity, which was helpful for in-depth understanding of the pathogenesis of gynecological
cancers.”> Lohmussaar et al generated the organoids from cervical squamous cell carcinoma and adenocarcinoma and
found that these organoids highly resembled the original tumor tissue in transcriptomic characteristics, including the
tumor genomic features mediated by HPV genes, indicating that CC organoids may serve as an effective platform for
studying sexually transmitted infections and the occurrence and development of cervical cancer.”®

HPV, a circular DNA virus, has over 100 genotypes, in which HPV 16/18 is most aggressive.®> These genotypes are
conductive to cervical tumorigenesis after integrating with the host genome. HPV-related CC involves a multi-stage
carcinogenic process. HPV viral oncoproteins E6 and E7 inhibit the tumor suppressor proteins p53 and Rb in host cells,
respectively (Figure 3). The integration of HPV-DNA into the human genome triggers genetic alterations, such as
oncogene amplification and chromosomal rearrangement. The accumulation of host cell DNA changes induced by
persistent HPV infection play a crucial role in the formation of invasive CC.®* Toyohara et al established an HPV 18-
transfected organoid system of the cervical transformation zone. Through RNA sequencing and functional experiments,
they identified the NPM3 gene as a new therapeutic target for HPV-related cervical adenocarcinoma.®® In another study,
CC organoids were cocultured with peripheral blood immune cells (PBMCs) activated by HPV antigenic peptides, the
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Figure 3 The pathogenic mechanism of cervical cancer based on the organoids co-infected with HPV and C. trachomatis. HPV 16 E6/E7 viral oncoproteins impede the tumor
suppressor proteins p53 and Rb, respectively. E2F| target genes can be significantly upregulated by HPV infection, while downregulated by C. trachomatis infection.
Additionally, (C) trachomatis infection can also result in p53 degradation. During co-infection, HPV E6 and E7 can increase the number of aberrant chlamydial developmental
forms, while suppressing the redifferentiation of non-infectious replicative reticulate bodies (RB) into non-replicative elementary bodies (EB), thereby retarding the
developmental life cycle of C. trachomatis initiating persistent infection.

results indicated that the cocultured organoids responded to immunized PBMCs differently, highlighting the feasibility of
organoids as a credible model for studying virus-specific T-cell responses and screening therapeutic HPV vaccines.®

Recently, cervical organoids have been gradually used for studying the integration of HPV18 DNA into the host cell
genome and the effect of HPV co-infected with Chlamydia trachomatis (C. trachomatis). In a previous study, RNA-seq
analysis of the organoids from HPV18-positive SCCC revealed integration of HPV18 into chromosome 8§ at 8q24.21 could
upregulate the expression of the proto-oncogene MYC, indicating that integration of HPV18 into chromosome 8 may induce
DNA modifications in the host cell genes, consequently enhancing the expression of the proto-oncogene MYC and triggering
the development of CC.?” Based on the organoids co-infected with HPV and C. trachomatis, Koster et al found that this co-
infection model could induce the unique cell reprogramming in the host, in which multiple genes were upregulated or
upregulated. Surprisingly, C. frachomatis inhibited the HPV-induced mechanisms that preserved cellular and genome integrity,
involving mismatch repair in the stem cells.®® These findings unveil that HPV E6/E7 co-infected with C. trachomatis may be
unfavorable for cellular and genomic stability, potentially contributing to the progression of cervical cancer.

EC

The incidence and mortality of endometrial cancer, a malignancy of the inner epithelial lining of the uterus, are rising
worldwide. Historically, EC is classified into type I (correlation with unopposed estrogen stimulation, containing more
common low-grade cells with a favorable prognosis) and type II (not estrogen driven, containing less common high-
grade cells with an unfavorable prognosis).®” Currently, the treatment options for advanced EC are still limited.
Emergence of EC organoids, a preclinical model, provides novel insights into understanding the pathological status of
EC and developing effective and personalized treatment options.

Drug Screening
EC organoids can not only recapitulate important histological, genetic, and molecular characteristics of the original
tumor, but also faithfully reflect the mutational profiling of intra-tumoral heterogeneity.”>** Patient-derived EC
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organoids, when subcutaneously injected or orthotopically transplanted into immunocompromised mice, can simulate the
physiological TME.?® These xenografted organoids replicate the histology and biomarkers of endometrial cancer,
including dysregulated hormone receptor expression, malignant behaviors like metastasis and invasion, thus providing
a potential platform for in vivo drug screening.

Wang et al performed an unbiased drug screening on driver-defined EC organoids in mice and indicated that MI-136, an
inhibitor of the menin-MLL complex, could strongly inhibit the organoid growth possibly through regulation of the HIF
pathway based on the screening of a small molecule library targeting epigenetic factors, which was further validated in the
PDTOs.%® This study suggest that MI-136 may serve as a novel therapeutic target for EC. Another high-throughput drug
screening based on mouse EC organoids was performed to explore the responses of drugs targeting different pathways, such
as endocrine and hormone pathways, and protein tyrosine kinase pathway, validating the heterogeneity in drug responses
among EC organoids with different genetic mutations.®” By culturing EC organoids from 15 samples, Girda et al observed
that the STAT3 transcription factor inhibitor BBI608 significantly suppressed the organoid growth, highlighting the
importance of stemness programing in organoid growth; Inhibitory effects exerted by different growth factor receptor
tyrosine kinase inhibitors in several organoids suggested variability in growth factor signaling pathways.”® Strikingly,
fulvestrant suppressed the growth of four organoids, indicating the importance of estrogen receptor signaling in certain
PDTOs. Additionally, 16 PDX organoids were established from multiple EC subtypes. The results showed that PDX
organoids with high or medium FGFR2 expression were markedly sensitive to the FGFR inhibitor BGJ398, and presented
significant inhibition on the tumor growth and survival extension after treatment with FGFR inhibitors.”' These studies all
demonstrate the great prospects of patient-derived EC organoids in drug sensitivity testing and personalized treatment.

Mechanisms Underlying Tumorigenesis

In a previous study, MI-136 was verified to be effective whether in tumor organoids or orthotopic models, and the HIF
pathway was the most significantly downregulated pathway via MI-136 treatment. Importantly, MI-136 significantly
inhibited the growth of patient-derived EC organoids. Thus, MI-136 contributes to EC treatment by modulating the HIF
pathway.®® SNORDI14E overexpressed in EC tissues was associated with poor prognosis of patients. In vitro experiments,
SNORDI14E could facilitate proliferation, migration and invasion while suppressing EC cell apoptosis. Notably, antisense
oligonucleotides targeting SNORDI4E could inhibit the proliferation in patient-derived high-risk EC organoids.
Mechanistically, SNORDI4E promoted EC progression by increasing the expression of FOXM1 malignant subtypes
(FOXMI1b and FOXMIc) and inducing the nuclear accumulation of B-catenin.”? Collectively, PDTOs provide a new
research platform for EC development, progression, invasion, and recurrence.

For high-grade EC, there are lack of preclinical models for studying cancer biology, such as cancer-immune cell
interactions. By establishing an endometrial biobank comprising patient-derived organoids, Chung et al found that high-
grade EC organoids pre-treated with IFNg or Tazemetostat exhibited a significant immune cell co-localization and
immune cell-mediated apoptosis during the co-culture period, highlighting the utility of the co-culture model in studying
cancer-immune cell interactions.” Additionally, based on the co-culture model of PDTOs with macrophages, the effects
of estrogen-related receptor oo (ERRa) on the migration ability of different subtypes of macrophages were validated in
EC.”* In combination with high-throughput assays, such as proteomics, lipidomics and coculture systems, ERRa
functions were identified as a bridge between EC metabolism and immunity, paving the way for developing novel
therapies targeting cancer metabolism and immunotherapy.

Limitations and Prospects

PDTOs have shown great promise in drug screening and tumor biological research, particularly in gynecological cancers.
Nevertheless, there still faces several challenges. The primary challenge for PDTOs lies in accurately recapitulating the
complexity of TME. Currently, PDTOs cannot fully replicate the supporting structures required by tumors, such as blood
vessels, immune cells, stroma, and nerves, thereby limiting their ability to accurately capture the multifactorial nature of
tumor progression and treatment response, especially in the context of immunotherapy. Although the cocultured organoid
systems have been developed to mimic the TME complexity through introduction of immune cells and specific
interleukins, they are still at the early stage of optimization. Second, PDTOs cannot faithfully reflect the process of
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pharmacokinetics and pharmacodynamics like drug metabolism, absorption, distribution and excretion, which are
indispensable for the assessment of in vivo drug efficacy and safety. Third, the tumor tissues used for PDTO culture
are limited, especially for the rare cancers such as vulvar and vaginal cancers, limiting the development of comprehen-
sive organoid systems for these melanomas. In addition, the establishment of PDTOs is costly, mainly depending on raw
materials such as multiple cytokines and Matrigel.”

At present, most PDTO models use Matrigel or collagen as supporting materials to establish 3D structures, but the
unknown extracellular components in these extracellular matrices may alter the original tumor heterogeneity, thus
affecting the stability and repeatability of experimental results. With the continuous development of PDTO models
and gene editing technologies, the application of gene manipulation at the PDTO level holds broad prospects in the study
of gynecological cancers. The study made by Godbole et al revealed extracellular vesicles as a potential delivery platform
for gene editing therapies in epithelial OC, offering a new delivery strategy for gene manipulation at the PDTO level.”®
Based on the cell-free DNA methylation, a liquid biopsy assay was developed to assess the risk of HGSOC, providing
insights into identification of the potential molecular markers for gene manipulation at the PDTO level.”” Notably, gene
manipulation at the PDTO level still faces huge technical challenges. For example, the success rate, stability, and
repeatability of PDTOs need to be further studied and improved; the safety and effectiveness of gene manipulation need
to be further verified. Therefore, except for introduction of automated operations, intelligent monitoring and precise
control, it is urgent to develop more advanced algorithms and technical means to allow for high-throughput and highly
homogeneous generation of PDTOs.”®

With continuous improvement of the organoid technology, PDTOs will more accurately capture the TME, creating an
unprecedented platform for studying the molecular mechanisms driving tumorigenesis, progression, and metastasis in
gynecological cancers. Importantly, novel therapeutic targets that can guide the targeted therapy, especially for gyneco-
logical cancers can be discovered through the organoid-based identification of key signaling pathways, favorable for

modification of treatment options to improve the patient clinical outcomes and minimize adverse reactions.

Conclusion

PDTOs established from gynecological cancers can highly retain histological, genetic, and molecular characteristics of
the original tumor while preserving the tumor heterogeneity, thereby promoting the development and utilization of
precise medicine. Under the circumstance of understanding the mechanism underlying tumorigenesis and drug screening
of female reproductive system malignancies, PDTOs facilitate the optimization of treatment regiments, making great
contributions to the prognostic improvement. Despite presence of significant advantages in biomedical research, the
organoid technology still requires for optimizing the culture protocols, such as integration of stromal components into
tumor parenchymal cells. With continuous improvement of the organoid technology, PDTOs will more accurately capture
the TME, creating a powerful platform for tumor biological research, treatment response, and personalized treatment.
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