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Prostate cancer (PCa) has been known as the most prevalent cancer disease and the second leading cause of cancer
mortality in men almost all over the globe. There is an urgent need for establishment of PCa models that can recapitulate
the progress of genomic landscapes and molecular alterations during development and progression of this disease.
Notably, several organoid models have been developed for assessing the complex interaction between PCa and its
surrounding microenvironment. PCa organoids have been emerged as powerful in vitro 3D model systems that
recapitulate the molecular features (such as genomic/epigenomic changes and tumor microenvironment) of PCa
metastatic tumors. In addition, application of organoid technology in mechanistic studies (i.e., for understanding
cellular/subcellular and molecular alterations) and translational medicine has been recognized as a promising approach
for facilitating the development of potential biomarkers and novel therapeutic strategies.

Keywords: prostate cancer ; organoids ; 3D model ; precision medicine ; in vitro and in vivo models ; castration resistant
prostate cancer (CRPC) ; neuroendocrine prostate cancer (NEPC)

| 1. Background and Recent Stage of Prostate Organoid Culture

The earlier development of prostate 3D culture technology was achieved by establishing mouse-derived spheroid
cultures. Such methodology was performed by culturing whole or fractionated mouse prostate epithelium in commercially
available serum-free medium coupled with a 3D extracellular matrix (ECM), finally facilitating the development of
spheroids with self-renewing and self-organizing differentiation potentials W&, The usage of Matrigel in the development
of organoid culture has been pinpointed as a key component for early success for developing organoids. These early
strategies allowed scientists to develop 3D prostate cultures by continuing the propagation of luminal cells followed by the
addition of androgens such as dihydrotestosterone (DHT) to the medium. This approach resulted in a limited luminal
differentiation to intermediate phenotypes with AR expression; however, the secretory phenotype of prostate luminal
epithelium was still missing in the established spheroid models (&1, Later, the 3D normal prostate organoids consisting of
both basal and luminal cells were developed [ and 3D PCa organoids were developed from metastatic PCa biopsies
and circulating PCa cells [&. These 3D models (Figure 1) of normal prostate organoids and PCa organoids (developed
from PCa tissues/circulating cells, or through neoplastic transformation of normal prostate organoids) can be utilized to
address the key molecular mechanisms underlying PCa development and/or progression.
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Figure 1. The majority of PCas are defined by abnormal luminal cell development and lack of basal cells when compared
to prostate tissues with normal basal and luminal cells. During transformation to neoplasm, impairment of prostatic
epithelium was characterized. The normal prostatic cluster of cells (normal prostate organoid, Left) consists of an



epithelial compartment comprising of basal (sky blue) and luminal (light orange) cells, and a limited population of
neuroendocrine cells that act as stem cells in response to repairing the cellular damage. During neoplastic progression, a
normal prostate organoid is transformed into a PCa organoid through multiple genetic alterations and onco-mutations. A
PCa organoid (Right) is characterized by luminal hyperproliferation, breakdown of basement membrane, loss of basal
cells, prominent nucleoli (blue/pink), and nuclear enlargement.

In recent years, Julio and her colleagues developed a novel strategy for generation of PCa organoids to evaluate
therapeutic responses &, This group optimized the protocol for efficiently generating patient-derived organoids (PDOs),
and detailed characterization of PCa organoids was provided. Furthermore, in collaboration with the NEXUS Personalized
Health Technologies, Julio et al. further developed a PDO for medium-throughput screening for drug efficacies. In this
study, the authors demonstrated that PDOs maintain the molecular and cellular features of the original prostate carcinoma
that the PDOs were derived from. For instance, the PDOs share comparable genomic landscapes and gene expression
profiles when compared to parental prostate carcinoma [21.

In 2009, Sato et al. 8 defined the organoid culture medium by including stem cell niche components, including Wnt
pathway agonist R-spondin-1, epidermal growth factor (EGF), and the bone morphogenetic protein (BMP) antagonist
Noggin. This formulation efficiently improved the long-term self-renewal and differentiation potential of mouse intestinal
crypt stem cells into a 3D ECM. Using basal medium containing nicotinamide, prostaglandin E2 (PGE2), and components
that inhibit TGF- and MAPK signaling, Jung et al. successfully established human intestinal organoids. These intestinal
organoids were developed from cocultures containing intact intestinal crypts and isolated stem cells derived from normal
or tumor tissues 4. Employing various stem cell-promoting culture conditions, several epithelial tumor organoids were
established. For example, after optimization of tissue-specific factors (such as adding estrogen or testosterone), subtypes
of breast cancer organoids or PCa organoids were established .

Earlier studies conducted by Clevers and colleagues demonstrated a PCa organoid model that was developed through
continuous growth and differentiation of prostate luminal epithelial stem cells. This organoid model has been used to study
the role of R-spondin, Noggin, and testosterone @19 Pprostate-specific modification of intestinal medium and other
changes in 3D culture conditions 14 have led to a robust procedure for developing mouse-derived prostate organoids 12!,

Gao and colleagues reported the development of PCa organoid culture from metastatic CRPC patient tissues .
However, various success rates of developing sustainable CRPC organoids from patient tumor needle biopsies have been
reported. An average of <10% success rates of developing CRPC organoids are observed, which is significantly lower
than the rates for many other epithelial tumor organoids (such as pancreatic, colorectal, and breast cancer organoids).
These results reflect the complexity of tumor heterogeneity of CRPC and also suggest a need to further optimize the
culture conditions for establishing fidelity CRPC organoid models !,

In recent years, an increasing number of new PCa organoid models have been established from metastatic PCa tissue
biopsies. These new models are highlighted to represent the most important PCa subtypes, such as AR-driven (AR*)
adenocarcinoma, AR-independent neuroendocrine positive (AR~ NE*), or double-negative (AR~ NE~) PCa [BIIL3114115] |
contrast, an organoid model derived from castration-sensitive PCa has also been established 8. Furthermore, modified
culture conditions have been applied to develop PCa organoids from patient-derived xenograft (PDX), aiming to establish
novel PCa organoid models mimicking the PCa heterogeneity 12!,

| 2. Tumor Model System in PCa

PCa represents the most common cancer type in males, and it has gained an increasing attention all over the world. In
male population, it has also been ranked among the highest level of cancer-associated mortality 28], Several studies have
utilized organoids as ex vivo models to evaluate tumor microenvironment (TME) and translational medicine in tumor
biology [ALLMA4I7I18][19][20121](22][231[24] Henjnger et al. established patient-derived organoids (PDOs) from locally
advanced PCa 22, According to their orthogonal analyses, these organoids reserved and maintained the complexity of
TME as observed in parental PCa. According to orthogonal flow cytometry analysis, PCa organoids retained a distinct
subpopulation of epithelial cells and reserved the expression signature of AR and AR-related genes as parental PCa cells
(23], Using mouse prostate organoids, Grbesa et al. revealed that mutations in SPOP (the most frequently mutated tumor
suppressor gene in human primary PCa) contribute to AR accessibility and binding patterns that are similar to those in
primary PCa [28],

Gao and his group developed an optimized condition wherein the continuous propagation of normal basal and luminal
prostate epithelial cells was considered in the development of PCa organoid models. In this study, PCa organoids were



derived from different PCa sources, including cell lines (DU-145, PC-3, LAPC4, 22Rv1, LNCaP, and VCaP), PCa tissues,
iPSCs, CDXs, PDXs and circulating tumor cells. These PCa organoids have been reported to recapitulate the different
molecular characterization of PCa subpopulations from different sources. Notably, the PCa organoids derived from cell
lines exhibited similar molecular signatures to both primary and metastatic PCa. For instance, mutations in SPOP,
loss/deletion of PTEN, TMPRSS2-ERG expression, or mutations in TP53, PIK3R1 and/or FOXOL1 (frequently occurred in
CRPCs) were retained in these PCa organoid models. In addition, these organoid models represent a series of diverse
subgroups of CRPCs, including AR-dependent adenocarcinoma, AR-negative adenocarcinoma, and neuroendocrine
carcinoma 8,

In addition, Clevers et al. developed a mini-gut-based 3D culture procedure for the development of primary mouse and
human PCa organoids consisting of differentiated basal and luminal cells ZZl. Compared to other PCa organoids, luminal
cell-derived organoids seem to be better resembled to mimic the prostate gland. Moreover, a previous report showed that
long-term cultured organoids are genetically stable, and they can reconstitute prostate glands through tissue
recombination approaches &l. Furthermore, this organoid system, developed in Matrigel/EGF-based culture supplemented
with androgens, has been reported as a feasible model system for PCa study 111,

2.1. In Vitro and In Vivo 3D PCa Models

Current in vitro tumor models, such as PCa cell lines, show the limitations on featuring the genetic signature and
molecular alterations compared to PCa tissue samples and PCa development/progression. Instead, PCa organoids are
considered as 3D models with context of tumor microenvironment and heterogeneity, thereby serving as ideal model
systems for mechanistic studies and drug screening assays 28], Several 3D models were introduced described below.

2.1.1. Spheroids

Tumor spheroids and tumorspheres are two common spherical cancer models. Formation of tumorspheres is achieved by
clonal proliferation of tumor cells in low-adherent conditions with stem cell medium, while tumor spheroids are formed by
aggregation and compaction of multiple tumor cells in nonadherent conditions 2. Tumorsphere models have been used
in several PCa studies. For example, co-inhibition of glucocorticoid receptor (GR) and B-catenin (by CORT-108297 and
MSAB) resulted in reducing/suppressing PCa tumorsphere formation and stemness while sensitizing the resistant PCa to
docetaxel B9, In addition, PCa tumorspheres, derived from VCaP cells, were used to assess the inhibitory effects of
Stattic and Napabucasin (STAT3 inhibitors) in PCa metastasis 24,

Spheroids are categorized as 3D cell models derived from cancer cell lines or patient-derived cancer samples, and they
are cultured in suspension by using a scaffold and/or a hydrogel-based approach 2. Compared to the limitations of 2D
models in in vitro studies, spheroids share the advantage of mimicking several in vivo tumor phenotypes including cell—
cell and cell-ECM interactions. These features allow for scientists to utilize spheroids to study cell proliferation,
metabolism, hypoxia, and tumor heterogeneity in PCa. Prostate tumor-derived spheroids (also nhamed “prostaspheres”)
were utilized to examine the genetic/molecular characteristics under in vitro conditions B3l Spheroids have been
described as cost-effective 3D cell models for screening drug responses. However, spheroids have also been shown to
have a lack of organized form and uniformity in culture states. In recent years, microfluidic systems have further
revolutionized the process for developing PCa spheroids. However, hypoxia-induced necrosis remains a challenge for
maintaining tumor spheroids. Fluidic systems (such as Microwell Flow Device, MFD) allow in-well laminar flow around the
spheroids, consequently reducing necrosis and increasing integrity of cellular structures. These flow-cultured spheroids
demonstrate advantages for studying hypoxia adoption, metabolism and drug efficacies in a 3D condition 241,

The process of establishing spheroids starts from long-term culturing of CRC cells and healthy intestinal stem cells in the
presence of Wnt, R-spondinl, EGF, and noggin [Bl27I35136] |t js known that the organoids developed from healthy
intestinal stem cells in Matrigel are able to maintain their normal genome over a period of time 4. Medium containing
Matrigel, cocktail of stem cell growth factors, TGF-3 receptor inhibitor (A83-01), and p38 MAPK inhibitor (SB202190) have
been used as growth media for the coculturing of healthy human intestinal cells with colon cancer cells, ultimately
developing CRC organoids 2. Similar culture protocols have been adopted to develop other types of cancer organoids,
including pancreatic cancer 28 and PCa [8 organoids.

As described above, organoid models have the potential to reserve the tumor heterogeneity of parental PCa. Spheroid
culture is a 3D model with a higher success rate compared to organoid culture. These spheroid models have been
established by using ultra-low-attachment culture plates. Furthermore, Rho-associated protein kinase inhibitor Y-27632
has been applied to substantially support the development of spheroid culture models B249 |n 2018, Linxweiler et al.



reported spheroids as efficient 3D models generated from radical prostatectomy specimens of PCa patients [41l. This type
of 3D PCa culture has been considered as a promising model for drug development and clinical applications.

In 2019, the Saarland University developed spheroid models from radical prostatectomy of PCa patients 2. Specifically,
more than 100 spheroid models were developed using the tissues collected from 173 PCa patients. These models were
demonstrated to have higher viability after maintenance of for several months, and were well-adopted to cryopreservation
procedures under in vitro conditions. Among the established spheroid models, most of the tumor spheroids expressed
high levels of AR, CK8, and AMACR proteins, similar to their parental PCa cells. In summary, the advance in culture
technology and tissue engineering has greatly improved the success rates for the development of patient-derived
spheroid, featuring the characteristics of parental tumor phenotypes and tumor heterogeneity in PCa.

2.1.2. Patient-Derived Organoids (PDOs)

In the past decade, the Memorial Sloan Kettering Cancer Center has particularly highlighted the development of “MSK-
PCa models”, which are patient-derived organoid (PDO) models of PCa [&l. These PCa models were primarily established
from the biopsy of PCa metastases and circulating tumor cells. In this study, the success rates of the established PDO
models were ranging between 15 and 20%. These PDO models could successfully form tumors after these organoids
were transplanted into SCID mice. Therefore, the MSK-PCa organoid models (PDOs) are considered ideal 3D models
that recapitulate the molecular diversity of different PCa subtypes and can be applied to in vivo studies.

Likewise, Weil Cornell Medicine has developed “ORG WCM organoid models” from metastatic PCa biopsies of NEPC
patients 4. Specifically, fresh tumor tissues from 25 PCa patients at metastatic stages were employed for establishing
organoid models, with a success rate of 16% (4 patients out of a total of 25). The organoids were further implemented into
NOD/SCID mice to establish patient-derived organoid xenografts (PDOXs). Moreover, the PDOXs were re-passaged, sub-
cultured, and employed in in vitro functional assays. The metastatic tumors collected from NEPC patients were used for
the development of organoids and PDOXs. These organoids and PDOXs were found to highly express CRPC-NEPC
marker genes, such as MYCN, PEG10, SRRM4, EZH2, SOX2, BRN2, and FOXA2 and low levels of AR and its
associated signaling genes. Additionally, these organoid models were effectively utilized as 3D models for assessing drug
efficacies (i.e., efficacies of EZH2 inhibitors) in CRPC and/or NEPC.

Under the optimal culture condition, the organoids were developed from basal and luminal cells. These PCa organoids
maintain multipotent progenitor cells and hold up intact AR signaling . In addition, PDOs were developed from metastatic
and circulating tumor cells, which were shown to maintain both histological and molecular features of patient tumors.
These PDOs recapitulate the genetic features of the PCa, such as expression of the TMPRSS2-ERG fusion gene,
mutations in SPOP, loss of TP53, PTEN and CHD1 8. In other words, drug screening assays were conducted in PDO
models for assessing the drug sensitivities in the context of patient genotypes. Taken together, these results suggest PDO
as a promising 3D model for PCa research 12!,

2.1.3. Induced-Pluripotent Stem Cell (iPSC)-Derived Organoids

Similar to PDOs, iPSCs have also been highlighted for the establishment of human prostate organoids #2423l Using co-
culture strategies with urogenital mesenchyme, prostate iPSC-derived organoids were developed. These 3D cultures
were shown to retain the features of prostate epithelial differentiations. It was reported that iPSC-derived organoids could
form glandular morphology, recapitulate prostate tissue histology and express key genes such as AR, NKX3.1 (prostate
specific homeobox protein) and prostate specific antigen (PSA) 4. iPSC-derived organoids, after transformation to PCa
organoids due to multiple genetic/oncogenic alterations, have been proposed as promising 3D models for examining
molecular mechanisms underlying PCa disease and evaluating drug efficacies for personalized medicine. These iPSC-
derived organoids have also shed light on the development of novel models for genome editing using CRISPR/Cas9
technology. According to previous studies, iPSC-derived organoids have been successfully established as 3D models for
studying glioblastoma, pancreatic and prostate cancer. Ultimately, these iPSC-derived organoids represent a promising
model system mimicking patient phenotypes/characteristics in vitro, thereby leading to future discovery of new therapeutic
targets in different types of cancers, including PCa 421l461[47]

Organoids derived from pluripotent stem cells (PSCs) and adult stem cells (ASCs) are considered self-organized 3D
models that prominently mimic and depict both biochemical and metabolic signals in PCa. These 3D cultures have also
characterized the in vivo epithelial architecture, genetics, and key functions of the organ of origin 8. PSC-mediated
organoids are developed from either induced pluripotent stem cells (iPSCs, capable to generate reprogramming of adult
somatic cells) or embryonic stem cells (ESCs, pluripotent, self-renewing cells that differentiate into specialized cell types
in response to developmental cues). In contrast to PSC-derived organoids that recapitulate in vivo organ development,



ASC-derived organoids are utilized to model adult tissue regeneration. Despite the advantage of recapitulating
organ/tissue features in iPSC/ASC-derived organoids, these organoids are not capable of completely recapitulating the in
vivo microenvironment. Through numerous efforts from earlier investigations, 3D culture conditions have been optimized
for more efficient establishment of organoids from both healthy and cancerous prostate tissues 4I6IEILL

2.1.4. Patient-Derived Xenograft (PDX)-Derived Organoids

PDX-derived organoids are defined as 3D organoid cultures, developed from PDXs in animal models. PDX lines from
various cancers have been recently demonstrated as excellent models for cancer research due to their similar genomic
and phenotypic features, and tumor heterogeneity to human cancer diseases L314950] previous studies have also shown
that differential drug responses may occur in patients with distinct genomic makeups. PDX-derived organoids represent
3D model systems carrying the genetic/genomic features in different PCa patients, therefore serving as ideal model
systems for studying PCa diseases [“8IBL |n 2018, Beshiri et al. first reported the establishment of a PDX-derived
organoid from the LuCaP-PDX mouse model. These PDX-derived organoids were further used for drug
screening/development purposes 193] Notably, the LuCaP-PDXs have been well characterized and clinically considered
as a cohort of advanced PCa PDXs. Although PDX-derived organoids share promising potentials for PCa research, it
remains a challenge to establish a consistent PDX-derived organoid for in vitro applications 243l For instance, low
success rates of developing CRPC organoids with long-term/stable phenotypes were found. Besides the low availabilities
of CRPC organoids, considerable variations were observed between different CRPC organoids 3], To address this issue,
LuCaP PDX-derived organoids were developed. These organoids exhibited exponential growth modes in long-term

cultures, thereby serving as ideal PDX-derived 3D models for in vitro functional assays and drug efficacy studies for PCa
diseases [2LIEI5,

2.1.5. Three-Dimensional Models for PCa Epigenomic Studies

In the past decade, next-generation sequencing has emerged as a powerful technology for understanding the PCa
genome, transcriptome, and epigenome [ Epigenetic/epigenomic alterations (i.e., histone modification, DNA
methylation, etc.) have been widely investigated during the process of PCa development and progression 23l Aberrant
DNA methylation patterns have been extensively studied in several kinds of cancers, including PCa [B4I53]
Hypermethylation occurs at promoter regions of APC (encoding adenomatous polyposis coli), RASSF2 (Ras associated
domain family member 2), and GSTP1 (glutathione-S transferase). DNA methylation patterns have been extensively
studied in various PCa diseases, and the hypermethylation signatures in tumor suppressor genes/oncogenes were
suggested as potential biomarkers for primary PCa and mCRPC [531541(56]

Previously, Zhao et al. investigated the genome-wide DNA methylation patterns in mCRPC, and the study suggested the
alteration of DNA methylation pattern begins in an early stage of PCa progression BZ. Intriguingly, PDOs derived from
early and advanced PCa have sustained epigenetic features similar to the original primary and advanced tumors,
respectively 141251 Additionally, 3D models have been demonstrated as an excellent model for epigenomic studies, such
as the study of DNA methylation alterations in PCa. Lu et al. and Stepper et al. have shown that fusion of DNA
methyltransferase genes (DNMT1 and DNMT3) to nuclease inactivated CRISPR/Cas9 (dCas9, dead Cas9) resulted in
reduced DNA methylation of the target genes, through inhibiting activities of DNMT1 and DNMT3 8153 | jkewise,
alterations in histone modifications have also been observed during the process of PCa development and progression €2,
It has been suggested that dysregulation of histone demethylases and histone methyltransferases are critically linked to
PCa aggressiveness and drug resistance B162 |nterestingly, the application of dCas9 fusing to genes encoding histone
modification enzymes is thought to be an efficient approach to study histone modifications. Utilization of this CRISPR-
dCas9-based technology (a targeted epigenome editing approach) to investigate the epigenomic alterations in 3D

organoid models could provide molecular insights into the mechanisms underlying epigenetic/epigenomic alterations in
PCa [63641(63],

2.1.6. Strategies for PDO Development from Tumor Immune Microenvironment (TIME)

Prostate tumors have been considered as "immunologically cold” due to limited infiltrating cytotoxic lymphocytes and
suppressed myeloid populations in prostate tumor immune microenvironment (TIME) B8I67I88] - Single-cell technology has
made immunotherapy studies possible at the cellular level, particularly in a coculturing system combining PCa cells with
diverse immune cells such as mononuclear phagocytes (monocytes, dendritic cells, and macrophages), T cells, NK cells,
B cells and mast cells A pye to the immunosuppression and immunogenic impairment in prostate TIME, blockade
of immune checkpoints has been shown to be ineffective for evoking strong antitumor responses in a majority of the PCa
patients 72781 previous studies in mouse models have been conducted with better efficacies of the modulation of
immune checkpoints in the context of TIME. Such experimental models, however, still reflected the limitations on the



effects of physiological/genetic variations in complex inflammatory and immunological interactions 4. To elucidate the
complex mechanisms underlying immunotherapeutic response in PCa, there is an urgent need to establish novel 3D
models with compatible prostate TIME for scientists to further explore the interactions between PCa cells and immune
system under in vitro and in vivo conditions.

Extensive studies have been performed to investigate the cross-talk between tumor and immune cells in 2D culture
models. These studies have shed light on specific immune cell types either in conditioned media obtained from PCa or
directly co-culturing immune cells with PCa cells. To develop these 2D models in the context of TIME, an immortalized
lymphocyte line (Jurkat cells, or primary immune cells collected from PBMCs) was co-cultured with PCa cell lines 22,
However, these models were shown to have limited effects on tumor/immune interactions for immunotherapeutic
applications. Recently, Lee et al. developed engineered chimeric antigen receptor T (CAR-T) from PBMC-derived T cells

for targeting CEACAMS (a protein upregulated in tumor cells) to provoke cytotoxicity in heuroendocrine PCa (NEPC) cell
lines 18],

Several PCa models have been established to explore PCa biology in the context of TIME in the past years. In 2022,
Yamaguchi and his research team established an in vitro system by co-culturing PCa cell lines with CAR-T cells and
PBMC derived macrophages . The study revealed that M2 macrophages enhanced CAR-T activity against PCa cells
under the in vitro condition, indicating the clinical significance of including multiple immune compartments for testing
immunotherapeutic effects in vitro. However, these strategies were only favorable at an early stage for developing novel
immunomodulatory approaches, and PCa heterogenous TIME need to be established in an improved 3D model for
evaluating the clinical significance of novel immunotherapies for PCa patients.

In terms of 3D tumor models for immunotherapy studies, TIME should be considered when a variety of 3D tumor models
are established. These 3D models include the 3D cultures from PDOs, PDEs and microfluidic systems 7879 To more
effectively elucidate the cross-talk between immune cells and non-immune compartments of cancer cells, it is critical to
ensure that the immunotherapy study is conducted in a tissue-derived organoid model or a 3D co-culture system
combining cancer and immune cells. PDOs and explant cultures have been demonstrated with an advantage of
sustainable host-resident immune cells; however, the poor viabilities of such 3D cultures hinder their significance for
immunomodulatory studies. To address this, establishment of an optimal culture that maintains epithelial/stromal
components with immune cell population is in need for future immunotherapeutic studies in PCa. To establish a workable
in vitro 3D culture similar to PDO models, co-culture systems containing PBMC-derived cells (or immune cells isolated
from tissues) and tumor organoids have been developed. These in vitro models, with optimization of culture conditions

with immune population of interest, have been utilized to explore the molecular mechanisms underlying immunotherapy in
PCa 18011,

Although an organoid system with complex PCa-TIME interaction remains to be developed, recent studies have
highlighted the promising progress in the development of tumor—immune interaction systems in other solid tumors. For
instance, immune profiling studies on non-small cell lung cancer (NSCLC), renal cancer, and melanoma PDOs with TIME
have revealed that the CD8* and CD4* T cells, CD14/CD68/CD 69" macrophages, NK (natural killer), NKT (natural killer
T) and B cells were well-maintained in tumor PDO models (2831841 These results suggested that PDO models can be
efficiently utilized for testing novel immunotherapeutic strategies for provoking/activation of T cells. Particularly, these
models can be used to evaluate the efficacies of immune checkpoint blockers (such as anti-PD-1 antibody) on activating T
cell to against PCa cells. Furthermore, it has been reported that human pancreatic organoids could be effectively co-
cultured with cancer-associated fibroblast and human peripheral T cells, successfully demonstrating T cell infiltration in a
PDO model 78185881 Additionally, previous studies have shown that co-culturing NSCLC or colon organoids with matched
PBMC cells resulted in an increase in the CD8* anti-tumor T cell population BZ. Notably, it has been reported that a
metabolic shift in tissue microenvironment contributes to the recruitment and activation of immune cells, particularly when
pembrolizumab (anti-PD-1 antibody) was applied to NSCLC model containing TIME (88182,

In summary, development of PCa organoid systems considering prostate TIME holds promise for scientists to further
develop personalized immunotherapeutic strategies for PCa patients.

2.1.7. In Vivo Implantation of PCa Organoids

In recent years, several studies have been conducted by implanting organoids in mouse models RABLE2 park et al. 92
developed a PCa organoid model using oncogene-transduced human primary prostate basal and luminal cells. Their
study suggested that the luminal cells are involved in later stages of oncogenic transformation during the development of
PCa. These oncogene-transformed organoids could further be developed into atypical and/or glandular architecture once
these organoids were used to develop xenografts in the immunodeficient NOD-SCID mice 23l Specifically, PCa



organoids, derived from basal or luminal organoids, were collected and subcutaneously implanted into immunodeficient
mice. The xenografts derived from c-Myc/AKT-transduced basal organoids exhibited histological features of poorly
differentiated adenocarcinoma, while the xenografts derived from luminal organoids displayed characteristics of low-grade
adenocarcinoma.

A previous study also showed that PCa organoids were orthotopically implanted into C57BL/6J mice for investigating
intra-epithelial Activin A signaling, a signaling pathway critical for progenitor proliferative potential in response to the
microenvironment in prostate epithelium. In the mouse model implemented with prostate organoids, it was shown that the
intra-epithelial Activin A signaling inhibits cell proliferation, independent from regulation by Smad. This finding implicates a
critical role of Activin A signaling in healthy prostate cells, potentially paving an alternative avenue for developing novel
therapies by targeting quiescent tumor progenitors 241,
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