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Abstract

Organoid systems are capable of forming three-dimensional self-organizing structures that closely recapitulate the cellular composition and physiological
functions of native gastric tissue. Since their introduction, gastric organoid technology has rapidly advanced and become a powerful tool for studying
gastric development, disease mechanisms, and therapeutic responses. This review summarizes key developments in the field, with a focus on five major
areas of application: gastric developmental biology, modeling of Helicobacter pylori infection, research on gastric cancer and drug resistance, assessment of
personalized therapy, and regenerative medicine. Distinct from previous reviews, this article systematically traces the evolution of gastric organoid
technology and provides an in-depth analysis of current limitations in microenvironment reconstruction, standardized culture, immune co-culture
modeling, and clinical translation. In addition, it discusses emerging strategies and integrated technologies aimed at overcoming these challenges, offering
perspectives to advance organoid systems from basic research toward clinical application.
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Introduction

The stomach, as a critical organ of the digestive system, performs
multiple functions, including food storage, digestion, and regula-
tion. The digestive system develops from the mesoderm and endo-
derm layers, with the endoderm giving rise to the primitive gut. The
foregut within the primitive gut further differentiates into the
esophagus, stomach, part of the duodenum, liver, gallbladder,
pancreas, and respiratory organs!'l. During stomach development,
various signaling pathways, including Wnt, bone morphogenetic
proteins (BMPs), fibroblast growth factors (FGF), and retinoic acid
(RA), play critical roles by coordinating the expression of transcrip-
tion factors that govern cellular identity(?l. These pathways collec-
tively contribute to the regulation of key developmental processes.
However, the precise mechanisms by which these signaling path-
ways function in gastric development remain inadequately under-
stood. Further investigation is necessary to clarify the molecular
details and functional impacts of these regulatory pathways.

The stomach, as a key component of the digestive tract, is parti-
cularly susceptible to a range of pathogenic influences. Common
gastric disorders include gastric ulcers, gastritis, and gastric cancer.
Gastric ulcers and gastritis are frequently associated with
Helicobacter pylori (H. pylori) infection, long-term use of certain
medications, or psychological stress. In contrast, the development of
gastric cancer is often driven by a complex interplay of genetic
susceptibility,  chronic  inflammation, and environmental
exposuresBl. These gastric conditions not only disrupt the normal
physiological functions of the stomach, but may also impair the
overall integrity and health of the gastrointestinal system.

As reported in the Global Cancer Statistics published in 2024,
gastric cancer holds a significant position among all cancer types
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worldwide, with an estimated annual incidence approaching one
million cases. It ranks among the top five leading causes of cancer-
related mortality globally!l. Notably, the epidemiological pattern of
gastric cancer demonstrates marked regional disparities, with
substantially higher prevalence observed in East Asia and Eastern
Europell. Although some high-incidence countries have achieved
partial success in mitigating disease burden through the implemen-
tation of screening programs and lifestyle interventions, gastric
cancer continues to impose a considerable challenge to global
healthcare systems. The onset of gastric cancer is shaped by a vari-
ety of factors, such as H. pylori infection, dietary patterns, smoking,
and genetic susceptibility©l. In 1965, pathologist Laurénl”l proposed
a histological classification method for gastric cancer, dividing it into
intestinal-type, and diffuse-type. Additionally, there is a less
common mixed typel’l. Current therapeutic approaches for gastric
cancer are primarily tailored based on tumor stage, histopathologi-
cal subtype, and the patient's overall clinical conditionl®l. Surgery
continues to be the primary curative approach for patients in the
early and locally advanced stages, whereas radiotherapy and che-
motherapy are integral to comprehensive multidisciplinary treat-
ment strategies. Recent advances in systemic therapies for gastric
cancer have been marked by the advent of molecular-targeted
agents and, notably, by the development of immune checkpoint
inhibitors such as programmed cell death protein 1 (PD-1) antago-
nists, which have yielded encouraging clinical outcomes®.
However, the early diagnosis of gastric cancer is extremely challeng-
ing, and the disease is characterized by its complexity and hetero-
geneity, with treatment options being somewhat limited. There-
fore, the development of effective models to study gastric tissue
development, injury repair, and the pathogenesis, progression, and
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treatment of diseases, especially cancer, is crucial for improving the
diagnosis, treatment, screening, and prevention of gastric cancer.

Commonly used models in gastric cancer research include two-
dimensional (2D) cell lines, animal models, and emerging organoid
models. However, due to prolonged in vitro cultivation, cell lines
may undergo genetic and phenotypic alterations, which may not
fully capture the heterogeneity of tumors or the complexity of the in
vivo microenvironment!'%. Moreover, 2D cell cultures typically grow
as a monolayer, which fails to replicate the complex spatial organi-
zation and intercellular interactions. To overcome the limitations of
in vitro models in recapitulating the tumor microenvironment,
researchers commonly use animal models such as xenograft models
and genetically engineered mice, which provide greater physiologi-
cal relevance in mimicking the in vivo development and therapeutic
responses of gastric cancerl'’12, While these animal models offer
valuable in vivo experimental data, their establishment is complex,
time-consuming, and costly.

Common approaches in three-dimensional (3D) cell culture
include spheroid culture, scaffold-based culture, and organoid
culture. Spheroids are formed by single-cell suspensions derived
from tumor cell lines or primary cells, which spontaneously aggre-
gate in low-adhesion plates or suspension systems('3l, This process
typically does not require exogenous extracellular matrix (ECM)
such as Matrigel; instead, spheroid integrity is maintained by
cell-cell adhesion and mechanical tension. Spheroid culture is
simple, cost-effective, and suitable for high-throughput drug
screening. However, its structural simplicity and lack of a tissue-
specific microenvironment limit its capacity to mimic in vivo func-
tions. To enhance spatial organization, some studies have incorpo-
rated scaffolds—such as hydrogels, natural polymers, or 3D-printed
structures—into  spheroid  culturesi'.  Nevertheless, these
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Gastric organoids in disease modeling and precision medicine

scaffold-based spheroids still fall short of organoids in terms of self-
organization, lineage specification, and organ-specific functionality.
In contrast, organoids are typically derived from pluripotent stem
cells (e.g., iPSCs, ESCs) or adult stem cells, and cultured in ECM-rich
environments like Matrigel. Under the guidance of specific signal-
ing cues, they undergo self-organization to form highly biomimetic
3D structures that recapitulate the cellular composition, spatial
architecture, and functional features of native organs. Organoids
offer superior biological relevance and predictive value for model-
ing tissue development, disease progression, and personalized
medicine.

Since the introduction of this technology, organoid models have
been rapidly and widely adopted across various research fields.
Although several reviews have outlined the general development of
organoid technology, a comprehensive account specifically focus-
ing on the evolution of gastric organoid systems remains lacking;
this review aims to fill that gap. In terms of applications, while previ-
ous literature has primarily emphasized the roles of organoids in
disease modeling, drug resistance mechanisms, and personalized
medicine, the present article further expands the discussion to
include developmental biology and translational medicine, provid-
ing a broader perspective. Moreover, we systematically summarize
recent advances in co-culture systems involving gastric organoids
and immune cells. Finally, we offer an in-depth discussion of the
current challenges and limitations faced by gastric organoid
research, as well as potential future directions. This review will
comprehensively cover the developmental trajectory, establish-
ment methods, applications in developmental biology, modeling of
H. pylori infection, gastric cancer and drug resistance studies, explo-
ration of individualized therapeutic strategies, and potential use in
regenerative medicine (Fig. 1).
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Organoid generation and applications. The figure depicts the standard methodology for generating gastric organoids and highlights their

applications in developmental biology, modeling of H. pylori infection, gastric cancer and drug resistance mechanism research, personalized treatment,
and regenerative medicine. Created in BioRender. Chen, E. (2025) https://BioRender.com/t040468.
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History of gastric organoid development

Since the first establishment of intestinal organoids by the Clevers
group in 200913, organoid technology has rapidly advanced over
the past decade from basic model construction to the recreation of
complex tissue functions (Fig. 2). In 2009, Clevers et al. successfully
developed intestinal organoids for the first time. The research team
established a long-term culture system in which a single crypt or
mouse Lgr5+ intestinal stem cell could develop into an epithelial
structure with crypt-villus architecture, containing multiple differen-
tiated epithelial cell types. To achieve long-term culture, the
researchers combined multiple signals required for intestinal epithe-
lial growth, including Wnt, epidermal growth factor (EGF) and
Noggin, and used a Matrigel matrix to support cell proliferation('%],
The study by Barker et al.l'® in 2010 revealed that, in addition to the
isthmus being the primary proliferative region in gastric glands, a
population of Lgr5* cells with significant proliferative capacity is
also present at the base of mature pyloric glands. These cells are
multipotent stem cells with self-renewal abilities, serving as the
foundation for the long-term maintenance and regeneration of the
gastric epithelium. The researchers successfully cultured single
Lgr5* cells in a three-dimensional system similar to that used for
intestinal organoids, dependent on Wnt3a signaling. This approach
resulted in the generation of pyloric organoids that exhibited stable
structure, long-term growth, continuous budding, and well-main-
tained polarity'l, In 2013, Stange et al. used flow cytometry to
isolate single Troy* cells from gastric corpus units and found that,
after cultivation, these cells were also able to generate multi-unit
organoids with continuous proliferationl'7],

However, when studying human gastric development and
disease, organoids derived from animal models face significant
developmental and species differences compared to humans. Con-
sequently, researchers began exploring whether human pluripotent
stem cells could be cultured into organoids. To explore the develop-
mental processes of different regions of the human stomach,
McCracken et al. created a human antral organoid model in 2014 by
guiding the differentiation of pluripotent stem cells. This approach
enabled the in vitro reconstruction of 3D structures exhibiting early
gastric gland characteristics and pit-like domains!('8, However, as
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this model primarily recapitulates the antral region, it does not fully
capture the complexity of the entire stomach. In 2017, the same
group further clarified the crucial involvement of the Wnt/$-catenin
signaling pathway in controlling the differentiation of cells located
at the base of gastric glands in mice. Building on this understanding,
they successfully utilized this pathway to guide the differentiation of
human pluripotent stem cells into organoids resembling fundic
gland structures('9,

While significant progress has been made in modeling gastric
development and physiological mechanisms using normal gastric
organoids, there is an equally pressing need for more precise
models to study gastric cancer. Gastric cancer organoids, as a novel
tumor model, offer a more accurate representation of the disease's
heterogeneity and its complex tumor microenvironment. Conse-
quently, research on gastric cancer organoids has advanced
substantially in recent years, emerging as a critical tool for investi-
gating tumor initiation, progression, and personalized treatment
strategies. In 2018, Yan et al. developed a biobank comprising 46
gastric cancer organoid lines, which collectively represent a wide
range of the established molecular subtypes of gastric cancer(20,
Using high-throughput screening, the study assessed the efficacy of
conventional chemotherapeutic agents commonly used for gastric
cancer treatment, including 5-fluorouracil (5-FU), cisplatin, oxali-
platin, epirubicin, and paclitaxel. This work provides invaluable
experimental evidence to support the development of personalized
therapeutic approaches for gastric cancer.

In 2022, Eicher et al.2" established a tri-germ-layer co-culture
system based on human pluripotent stem cells (hPSCs), incorporat-
ing epithelial progenitor cells of ectodermal origin, mesenchymal
cells derived from the mesoderm, and enteric glial cells originating
from the endoderm. This approach enabled the generation of the
most structurally advanced gastric organoids to date. The resulting
organoids exhibited well-defined glandular architecture, smooth
muscle tissue, and functionally mature enteric neurons capable of
regulating muscle contraction. Further investigation revealed
dynamic cross-talk among the different cellular components, high-
lighting that coordinated signaling across germ layers plays a criti-
cal role in orchestrating the spatially organized development of
gastric tissue architecturel2'l,
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Fig.2 Timeline of gastric organoid development. The figure illustrates the establishment of the first organoid and major milestones in the development
and application of gastric organoid models from 2013 to 2025. Created in BioRender. Chen, E. (2025) https://BioRender.com/9dh4twy.
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Organoid technology has been widely applied in cutting-edge
fields such as developmental biology, disease modeling, persona-
lized medicine, and tissue regeneration, demonstrating substantial
value in both research and clinical contexts. However, the lack of
standardized protocols remains a major bottleneck limiting its
broader application and clinical translation. To address this issue
and improve reproducibility and comparability across studies, China
Anti-Cancer Association developed an industry guideline for human
gastric cancer organoid research(?2, This guideline provides stan-
dardized procedures covering the entire workflow—from tissue
collection, transport, and processing to organoid establishment,
expansion, cryopreservation, and recovery. Importantly, the guide-
line outlines key criteria for organoid identification and quality
control, focusing on morphology, proliferative capacity, genetic
stability, stemness maintenance, and functional phenotype. For
instance, organoids should exhibit a cystic or spheroid structure
with clear cellular stratification under light microscopy. They should
be expandable for at least 5-20 passages while maintaining
morphological and proliferative characteristics of the original tumor.
Genetic stability is recommended to be assessed by karyotyping,
with a normal diploid karyotype of 46, XX or 46, XY. In addition, the
expression of proliferation marker Ki-67 and gastric cancer-associ-
ated biomarkers such as CA19-9, carcinoembryonic antigen (CEA),
CA72-4, CA50, and CA24-2 is used for functional validation.

Enteroendocrine cells (EECs) are widely distributed within the
gastrointestinal epithelium, where they secrete various peptide
hormones to regulate digestive and metabolic functions. However,
due to their low abundance and distinct features, EECs are typically
difficult to identify and study. In 2024, the team led by Hans Clevers
successfully induced the overexpression of NEUROG3 in gastric
organoids using doxycycline, thereby promoting their differentia-
tion into mature EECs[?3, The study demonstrated that these
induced EECs not only exhibited mature secretory functions but also
closely resembled primary human EECs in both phenotype and
function. This technological advancement provides a robust experi-
mental platform for investigating EEC biology, substantially advanc-
ing research in this field.

In 2025, gastric organoid research made significant break-
throughs, with notable advances in constructing complex micro-
environments and modeling disease progression. During H. pylori-
induced malignant transformation of normal gastric epithelium,
intestinal metaplasia (IM) represents a critical intermediate stage
marked by the emergence of intestinal-like epithelial cells!24l, How-
ever, progress in studying this stage has been limited due to a lack
of suitable models. Yue et al. established a cohort of IM organoids,
providing a valuable platform to elucidate the molecular mecha-
nisms driving IM and its link to gastric carcinogenesis(?3l. In the same
year, another study focused on microenvironment reconstruction
and disease modeling, proposing a novel organoid culture system.
Hofer et al. developed a bilateral-access organoid system that allows
differential delivery of growth factors to the apical and basal sides,
effectively recapitulating the spatial gradient of mesenchyme-
derived stem cell signals. Apical exposure to acidic conditions
induced differentiation of mature gastric pit cells, which exhibited a
previously unreported, cell type-specific response, underscoring the
model's strength in capturing epithelial heterogeneity. Moreover,
this platform supports H. pylori colonization and sustained infection
for up to six days, offering a physiologically relevant tool for study-
ing host-pathogen interactions in the gastric epithelium!26],

The past decade has witnessed substantial progress in the deve-
lopment and refinement of organoid systems, enabling the efficient
generation of models that mimic both healthy and pathological
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tissues from induced pluripotent stem cells or patient-derived
samples. These organoids recapitulate developmental cues within
3D culture systems, facilitating the formation of tissue architectures
that closely resemble native organs. Compared to traditional cell
and animal models, organoids offer several advantages, including
improved biological relevance, greater stability, enhanced acce-
ssibility, and higher time efficiency. Since its inception, this tech-
nology has been widely adopted across a broad range of research
disciplines.

Organoid cultivation methods

As a major culture system, organoids encompass those derived
from pluripotent stem cells, adult stem cells, and patient-derived
tissue. Each type differs in its source, culture method, and ultimate
application.

Pluripotent stem cells possess strong differentiation potential and
can be used to model the development of various tissues and
organsl?’l, Compared to the other two types of organoids, iPSC-
derived organoids are more challenging to culture, requiring step-
wise differentiation protocols to develop into the desired model®28l,
The main challenge in culturing this type of organoid lies in design-
ing optimal culture conditions that enable the normal development
of pluripotent stem cells. This requires researchers to have a thor-
ough understanding of the gastric stem cell nichel?°], The process of
generating gastric organoids in vitro begins with guiding pluripo-
tent stem cells to differentiate into definitive endoderm, which then
develops into foregut-like tissues. During this phase, activation of
Wnt and FGF signaling pathways supports the formation of gut tube
structures while limiting differentiation toward posterior gut
lineages. To further promote foregut identity, the BMP pathway is
suppressed—often through the addition of Noggin—leading to the
development of foregut spheroids. Retinoic acid (RA) is then applied
to further specify these spheroids toward a posterior foregut iden-
tity, while maintaining high SOX2 expression, a key marker indica-
tive of commitment to the antral gastric lineagel'8l. To generate
organoids exhibiting fundic characteristics, activation of the Wnt/
-catenin pathway is introduced within a defined temporal window,
along with supplementation of EGF and FGF10 to support spheroid
maturation. During the later stages of differentiation, modulation
of EGF concentration and co-treatment with BMP4 and a MEK
inhibitor facilitate the development of functional cell types, includ-
ing endocrine and parietal cells%. Embryonic stem cells (ESCs) can
also be used to generate similar models. The process begins with
forming embryoid bodies (EBs) on gelatin-coated dishes, which are
cultured until day 6 to develop an endodermal cavity. Growth
factors such as Sonic Hedgehog (SHH), DKK1, and Noggin are then
applied to induce differentiation of the gut-like structures into
gastric cell lineages. Finally, the treated organoids are transferred
to a 3D matrix containing growth factors to promote maturation,
resulting in more complex architectures and diverse cellular
compositionst31],

The induction of adult stem cells to form gastric organoids is rela-
tively simple and direct. The culture method employs an intestinal
medium containing EGF, Noggin, and R-spondin1, supplemented
with Wnt3A and FGF10, to promote budding morphology and
expansion of the organoids!'®. To extend the lifespan of gastric
organoids, Bartfeld et al. analyzed the effects of various molecules
on culture longevity. Nicotinamide, as an optional additive, can
enhance early organoid differentiation but gradually shortens their
lifespan. Factors known to promote budding and extend lifespan
include IGF, GSK3p inhibitors, TGFS inhibitors, and p38 inhibitorst2.,
CHIR99021 (CHIR), a GSK3/ inhibitor, in combination with the HDAC
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inhibitor valproic acid (VPA), has been found to support stem cell
maintenance and enhance their proliferative capacity—an effect
also observed in gastric tissues. Both CHIR and VPA independently
stimulate stem cell proliferation; however, their combined use yields
the most robust outcomes. When used together, they not only
suppress differentiation-associated gene expression but also upreg-
ulate stemness-related genes(33,

In recent years, advancements in tissue acquisition techniques
have expanded the sources for establishing patient-derived gastric
organoids (PDOs), which are no longer limited to surgically resected
specimens. Image-guided biopsies, such as ultrasound or CT, now
offer a viable alternative for collecting tissue suitable for organoid
cultureB4, Moreover, endoscopic sampling has become a standard
clinical practice due to its minimally invasive nature and high safety
profile, ensuring patient comfort while enhancing the feasibility of
precision medicinel3536], Tissues obtained through these methods
are typically processed within 24 h for organoid generation,
followed by drug sensitivity testing completed within approxi-
mately two weeks. This rapid turnaround time provides critical
support for the timely development of personalized treatment
strategies, underscoring the translational and clinical potential of
PDOs in precision oncology®”. However, two major challenges
persist in the establishment of gastric PDOs: microbial contamina-
tion and overgrowth of normal cells. Due to necrosis in gastric
cancer tissues, bacterial and fungal contamination is common, lead-
ing to a lower success rate of PDO establishment, which fails to meet
clinical demands. Morimoto et al. suggest that avoiding necrotic
regions and obtaining tissue samples from deeper and broader
areas can significantly minimize contamination and improve the
success ratel38l. Contamination by normal epithelial cells presents an
even greater challenge. This issue refers to the phenomenon in
which, for reasons yet to be fully elucidated, normal cells proliferate
more rapidly than tumor cells during gastric organoid culture. Three
strategies have been proposed to mitigate this issue: (1) manual
removal of normal cell populations; (2) tumor cell enrichment via
flow cytometry; and (3) for tumors harboring TP53 mutations, the
use of the small molecule Nutlin-3, which stabilizes TP53 and selec-
tively suppresses the growth of normal cells while permitting the
expansion of tumor cellsB9. Tumor-derived organoids exhibit
diverse growth dynamics and morphological heterogeneity, includ-
ing both cystic and solid structures“0l.

Recent advancements have significantly broadened the applica-
tions of organoid models by enabling their co-culture with microor-
ganisms or immune system components, thereby enhancing their
physiological relevance. In infection research, gastric organoids are
commonly used as in vitro platforms for modeling host-pathogen
interactions, particularly through the microinjection of H. pylori*'l. In
cancer studies, co-culturing gastric cancer organoids with cancer-
associated fibroblasts (CAFs), and natural killer (NK) cells has
provided key insights into the complex dynamics of the
tumor-immune microenvironment. CAFs have been shown to
suppress NK cell activity, thereby facilitating immune evasion and
promoting tumor progressiont243, Such multicellular organoid
systems represent powerful experimental platforms for investigat-
ing tumor immunity and evaluating potential immunotherapeutic
strategies*,

Developmental biology

As a muscular sac, the complexity of the stomach is often over-
looked. The cellular composition and quantity vary across different
regions of the stomach, as do their secretory profiles. During stom-
ach development, mesenchymal-epithelial interactions are
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regulated by numerous signaling pathways and transcription
factorsl*®l, Although there is a certain understanding of gastric
development, replicating this process in vitro remains challenging.

Organoids have recently emerged as a robust 3D in vitro model
capable of faithfully recapitulating human organogenesis and
pathological processes. They have been widely utilized to investi-
gate the fundamental mechanisms underlying gastric development.
In 2014, McCracken et al. first demonstrated that human gastric
organoids could be derived from human pluripotent stem cells
(hPSCs) by precisely modulating key signaling pathways—such as
FGF, Wnt, BMP, RA, and EGF—thereby replicating essential stages of
early human gastric development in vitrol'8l, Subsequent studies on
the development of the gastric fundic glands have highlighted the
crucial involvement of Wnt/f-catenin signaling in determining the
regional patterning of the stomach. A 2017 study showed that acti-
vation of this pathway promotes the differentiation of hPSC-derived
foregut progenitors into fundic-type epithelium, whereas its inhibi-
tion favors the formation of antral-type epithelium. These findings
not only confirm the importance of Wnt signaling in establishing
gastric regional identity but also underscore the value of organoids
as a model system for dissecting the temporal dynamics of develop-
mental signaling. By finely tuning signaling cues at distinct develop-
mental stages, researchers successfully established human fundic
gastric organoids that serve as a powerful platform for investigating
epithelial morphogenesis and lineage-specific differentiation,
thereby offering critical insights into the spatiotemporal regulation
of human gastric development('9,

In 2020, Miao et al. employed human- and mouse-derived fundic
gastric organoid models to systematically investigate the signaling
mechanisms governing parietal cell differentiation. Their study iden-
tified the AMP Kinase (AMPK)-KLF4-PGC1a axis as a key regulatory
pathway in the development and functional maturation of parietal
cells, thereby providing valuable insights into the specification of
this epithelial lineage!®. Furthermore, by modeling gastric mucosal
regeneration using organoids, the team discovered aberrant ex-
pression patterns of key paligenosis-associated factors, including
Ifrd1 and Ddit4. These findings underscore the potential roles of
these genes in organoid development and gastric tissue repair
following injury!#7,

These studies have not only deepened our understanding of
human gastric development and regional specification but also
highlighted the unique advantages of organoid systems in model-
ing key developmental events. Serving as a critical bridge between
fundamental developmental biology and disease modeling, gastric
organoids provide a powerful platform for investigating regenera-
tive mechanisms and the regulation of epithelial cell fate.

Modeling of H. pylori infection

H. pylori is a spiral-shaped, Gram-negative bacterium and one of
the most prevalent pathogens in the human stomach. It is uniquely
adapted to survive the highly acidic gastric environment, where it
colonizes the mucosal surface, and induces chronic gastritis“el,
Persistent infection can lead to more severe gastric pathologies,
including peptic ulcers, atrophic gastritis, and significantly elevates
the risk of gastric cancer. Notably, H. pylori infection is recognized as
a major risk factor for gastric carcinogenesis, particularly under
conditions of prolonged colonization*?). The pathogenicity of H.
pylori involves a multifaceted mechanism. The bacterium produces
urease to neutralize gastric acid, creating a localized neutral pH
microenvironment that facilitates survival. It employs flagella to
penetrate the gastric mucus layer and adheres to epithelial cells
through interactions between bacterial adhesins and host receptors.

Page 50f 12



Gastrointestinal
Tumors

Beyond colonization, H. pylori delivers virulence factors such as cyto-
toxin-associated gene A (CagA), and vacuolating cytotoxin A (VacA),
which trigger a cascade of host cellular responses including inflam-
mation, epithelial injury, and dysregulated signaling—all of which
contribute to gastric tumorigenesisi>%. However, the detailed mech-
anisms underlying the development and progression of gastric
cancer remain unclear. Studies have been conducted using cancer
cell lines, short-term ex vivo primary cell cultures, and infected
mouse models. Nevertheless, model organisms often differ signifi-
cantly from humans and may fail to fully replicate the complex
disease progression and biological processes of human gastric
cancer. In addition, in vivo models are costly to maintain and require
long experimental durations(>'l,

Since the development of organoid technology, Bartfeld et al. has
introduced H. pylori into organoids, establishing a novel H. pylori
model. This research revealed that NF-xB signaling is activated, a
finding consistent with previous studies, thereby indicating that
organoids are highly suitable for research in this areal2l. Conse-
quently, their related applications are becoming increasingly
widespread. Building on this work, McCracken et al. microinjected H.
pylori into the luminal surface of gastric organoids to further model
the early stages of infection, demonstrating that its pathogenicity is
dependent on the virulence factor CagA. CagA is translocated into
epithelial cells, where it binds to the c-Met receptor and triggers
downstream signaling cascades!'®. In this organoid model, CagA-
positive H. pylori strains were found to trigger f-catenin pathway
activation, downregulate claudin-7—a key component of the
epithelial barrier—enhance aberrant epithelial cell proliferation, and
impair mucosal equilibrium, thereby implicating a potential role in
the initiation of gastric cancer®?. The organoid system also revealed
that CD44, acting as a co-receptor of c-Met, cooperates with CagA to
further enhance epithelial cell proliferationl>3l. Furthermore, this
model confirmed that low-densitylipoproteinreceptor-relatedpro-
tein8 (LRP8), a member of the low-density lipoprotein (LDL) recep-
tor family, interacts with both CagA and f-catenin to assist in the
translocation of f-catenin into the nucleus, thereby enhancing the
expression of pro-inflammatory genes and markers associated with
cancer stem-like properties—highlighting a potential mechanistic
link between H. pylori infection and tumor cell plasticity>4.

Expanding upon traditional 3D organoid approaches, a human
gastric organoid-on-a-chip platform with dual-channel access has
been engineered. In this system, gastric epithelial cells derived from
organoids are cultured on a hydrogel scaffold with predefined
geometry, while differential exposure to growth factors across the
apical and basal chambers enables the spatial reconstruction of
glandular and pit-like domains. Unlike enclosed organoid structures,
the open design of this model allows for greater experimental
manipulation and supports sustained epithelial homeostasis.
Notably, exposure to physiologically relevant acidic conditions
drives the generation of pit cells with enhanced maturation and
facilitates lineage differentiation patterns that more faithfully mirror
the native gastric epithelium(26],

Epithelial-only organoids offer an effective platform for investigat-
ing the interplay between H. pylori and the gastric epithelial layer.
However, considering that immune responses are also involved in H.
pylori infection in the human body, a co-culture system is required
when investigating the role of the immune process in this context.
Holokai et al. discovered that H. pylori utilizes CagA to upregulate
PD-L1 levels in stomach epithelial cells by activating the SHH path-
way. Through a co-culture approach involving human gastric
organoids (HGOs) and immune cells, it was demonstrated that infec-
tion with H. pylori decreases apoptosis, while PD-1 blockade
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enhances the proliferation of cytotoxic T lymphocytes. This indi-
cates that PD-L1T may have a protective function in regulating
immune responses after H. pylori infection, possibly playing a role in
the onset of gastric cancer!®), In addition, gastric organoids can be
co-cultured with macrophages. Through this model, the authors
found that H. pylori infection leads to increased cytokine production,
which is especially pronounced in the absence of Nod1. This indi-
cates that Nod1 alters macrophage polarization to reduce the
inflammatory response, facilitating immune evasion and protecting
H. pylorit>9,

In summary, this co-culture model is highly suitable for studying
Helicobacter pylori infection and its pathogenic mechanisms. It has a
short cultivation cycle and saves both time and resources. The
model not only allows for the investigation of the direct interaction
between H. pylori and epithelial cells but also enables the study of
the role immune components play through co-culture systems.

Gastric cancer and drug resistance mechanism
research

Chemotherapy resistance in gastric cancer remains a major chal-
lenge in clinical treatment, significantly affecting patient prognosis
and survival ratesP”l, As treatment progresses, tumor cells often
develop resistance to chemotherapy drugs through various mecha-
nisms, thereby reducing the effectiveness of the therapy®8l. In addi-
tion, the high heterogeneity of gastric cancer complicates the mech-
anisms of drug resistance, with significant molecular differences
observed between patients®9. The advent of organoid technology
has recently introduced an innovative platform for investigating
mechanisms of drug resistance in gastric cancer. By recapitulating
the biological characteristics of patient tumors, organoids can help
identify key drivers of resistance and validate potential therapeutic
targets(®l, This technological advancement provides a promising
avenue for elucidating drug resistance mechanisms in gastric cancer
and facilitating the development of innovative therapeutic strate-
gies to overcome resistance.

As a first-line drug for gastric cancer, 5-FU plays a significant role
in treatment; however, many patients still experience relapse after
therapy®8l. Using patient-derived gastric cancer organoids, Ukai et
al. established an in vitro model that simulates the development of
resistance to 5-FU. This model revealed that KHDRBS3 plays a criti-
cal role in 5-FU resistance by regulating the expression of CD44 vari-
ants, thereby promoting stem-like properties in gastric cancer
cellsl6l. In addition, in PDOs from the 5-FU + CDDP-resistant
subtype of gastric cancer (GC), ADAR1 regulates lipid metabolism-
related genes through RNA editing, promoting self-renewal and
chemoresistance. ADAR1 also modulates the mRNA stability of
stearoyl-CoA desaturase (SCD1), thereby alleviating chemotherapy-
induced endoplasmic reticulum stress. This regulation leads to the
upregulation of p-catenin expression, ultimately contributing to
chemoresistance and the enrichment of cancer stem cell popula-
tions. Inhibition of SCD1 can reverse chemoresistance and reduce
the population of cancer stem cellslZ. In 5-FU-resistant cells,
elevated expression levels of ferroptosis-suppressing genes (GPX4,
SLC7A11, FTH1) along with STAT3 have been observed. STAT3
contributes to resistance by orchestrating a regulatory network that
inhibits ferroptosis through its transcriptional regulation of these
genes. Inhibition of STAT3 activity induces ferroptosis by increasing
lipid peroxidation and iron accumulation. A STAT3 inhibitor, W1131,
has been developed and exhibits significant antitumor effects in
multiple models. This study proposes a novel therapeutic strategy
for overcoming chemoresistance in gastric cancerl®3. Moreover,
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organoids not only serve as valuable models for investigating mech-
anisms of drug resistance, but also function as platforms for evaluat-
ing the antitumor efficacy of therapeutic agents, demonstrating
considerable potential for clinical translation©4l,

In addition to exploring mechanisms of resistance and identify-
ing new potential drug targets, organoid technology also provides
clinical guidance. PDOs used to screen drug sensitivity in diffuse
gastric cancer (DGC) revealed that Aurora kinase inhibitors (AURKi)
can induce a senescent phenotype in DGC cells. These senescent
cancer cells secrete large amounts of MCP-1/CCL2 chemokines,
which induce macrophage recruitment and polarization towards the
M2 phenotype, thereby compromising the immune-mediated
killing of cancer cells by macrophages. This drug-induced senes-
cence has not yet been reported in gastric cancer studies, under-
scoring the utility of organoids in modeling unique drug responses
of cancer cells. The study suggests that strategies for clearing senes-
cent cells following AURKi treatment should be explored to prevent
tumor recurrence or metastasis driven by these senescent cells[®%],

Despite significant breakthroughs in understanding the molecu-
lar mechanisms of drug resistance, many unknown areas remain to
be explored®®. Organoid technology, as an innovative in vitro
model, serves as a powerful tool for the development of persona-
lized therapies and anti-resistance strategies. In the future, through
in-depth research on the applications of organoids, combined with
big data and multi-omics analyses, researchers are expected to
further uncover the core mechanisms of gastric cancer resistance
and develop more precise and effective treatment approaches, ulti-
mately improving patient prognosis and survival ratesl67),

Personalized treatment

Due to its high complexity at both the molecular and histological
levels, GC exhibits marked heterogeneity. Based on comprehensive
genomic analyses, The Cancer Genome Atlas (TCGA) classifies GC
into four distinct molecular subtypes—Epstein-Barr virus (EBV)-posi-
tive, genomically stable (GS), microsatellite instability (MSI), and
chromosomal instability (CIN)—to facilitate the development of
precision therapeutic strategies(®8l. Tumor heterogeneity is evident
not only between individuals but also within the same individual,
including differences between primary sites and metastatic lesions,
and even within the same tumor. Even among patients classified
under the same subtype, treatment responses can vary significantly,
complicating the selection of subsequent chemotherapy regimens.
This variability may also result in chemotherapy failing to achieve
optimal therapeutic outcomes for some patients®l, Precision treat-
ment for gastric cancer aims to accurately stratify different
subgroups to develop effective therapeutic strategies. In addition to
next-generation sequencing (NGS), which has made precision treat-
ment feasible, PDOs offer the ability to establish a 3D tissue struc-
ture in vitro that closely resembles the patient's tumor. PDOs retain
the tumor's gene expression profiles and molecular characteristics,
faithfully recapitulating tumor heterogeneity while maintaining
stability during long-term culturel68.70.71],

Vlachogiannis et al. established an organoid biobank derived
from patients with metastatic gastrointestinal cancers. Through
histological and biochemical marker analysis, they found a high
degree of concordance between the morphology and marker
expression of the gastric cancer organoids and the original tissue
biopsies. This indicates that the organoids serve as a reliable 'replica’
of the tumor in gastric tissue. Furthermore, the researchers evalu-
ated the drug responses of organoids and compared them to those
observed in xenograft models derived from PDOs. They also utilized
the PDO model to predict patient responses to various therapeutic
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approaches. This study demonstrates the promising potential of
PDO models for advancing clinical precision medicinel”2. Zhao et al.
also established gastric cancer organoids from different anatomical
sites and TNM stages of the stomach, studying their responses to six
chemotherapy drugs. Through transcriptome sequencing analysis, it
was found that organoids sensitive to 5-Fu exhibited downregula-
tion of genes related to proliferation and invasion, while genes asso-
ciated with cellular senescence and the p53 signaling pathway were
upregulated. Similarly, the authors tested these findings in PDO-
derived xenograft models in mice and used PDOs to predict patient
drug responses. The findings consistently support the idea that
organoids are a valuable resource for drug screening in cancer
patients[“?l, Wang et al. investigated the consistency between drug
sensitivity and patient prognosis using PDOs, further demonstrat-
ing that PDOs are well-suited for personalized treatment in clinical
practice”3l, Yan et al. also established organoids with CLDN18-
ARHGAP6 and CTNND1-ARHGAP26 fusions, which are absent in 2D
cell lines. In the course of large-scale drug screening using the
established PDO biobank, the screening process for each organoid
was completed in under two weeks, greatly expediting the develop-
ment of personalized treatment strategies2%. However, when using
organoids in clinical laboratory-developed tests (LDTs), strict
standards and regulatory oversight are required to guarantee the
accuracy and reliability of experimental results74.,

The tumor development process is heavily influenced by the
immune microenvironment, yet traditional organoid models, which
consist exclusively of epithelial cells, do not incorporate immune
components. Chakrabarti et al. investigated the influence of
myeloid-derived suppressor cells (MDSCs) on tumor organoids by
co-culturing them with gastric organoids derived from patient
samples. By incorporating immune components, this approach facil-
itates a more accurate assessment of tumor response to pharmaco-
logical interventions and contributes to the discovery of new thera-
peutic targets in gastric cancer7>l. Nonetheless, the approach may
impose restrictions on the natural crosstalk between immune cells
and organoid structures. To address this, the authors coated the
culture surface with Matrigel, allowing the cells to adhere to the
surface rather than embedding them within Matrigel for complete
encapsulation’®, In addition, patient-derived tumor cells and stro-
mal cells can be cultured within a GelMA-Gelatin-Matrigel compos-
ite hydrogel, which facilitates their uniform distribution. These cells
can then be divided into numerous identical assemblies, enabling
standardized and scalable high-throughput drug screening. The
models generated through this method closely mimic the tumor
responses observed in patientsl’7],

In addition to published studies, several clinical trials are currently
investigating the translational potential of gastric organoids. These
efforts primarily focus on using PDOs to predict therapeutic
response, guide drug selection, and evaluate the efficacy of neoad-
juvant treatments (e.g., NCT05842187, NCT06196554,
NCT06100003)78l. Such exploratory applications underscore the
promise of PDOs in bridging basic research and personalized clini-
cal decision-making in gastric cancer.

In summary, patient-derived gastric cancer organoids not only
retain the molecular characteristics and heterogeneity of the origi-
nal tumors but also demonstrate significant potential in predicting
drug sensitivity and guiding personalized treatment strategies. With
the continued advancement of co-culture systems and high-
throughput platforms, PDOs models are gradually transitioning
from basic research to clinical application, offering a practical and
robust tool to support precision oncology in gastric cancer.
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Regenerative medicine

Gastric subtotal and total gastrectomy are common surgical treat-
ments for gastric cancer. Following these procedures, the jejunum is
often used to replace the removed stomach, leading to a decrease in
reservoir function and the loss of the anti-reflux barrier. As a result,
patients may experience symptoms such as dumping syndrome and
alkaline reflux gastritist’l. However, due to a scarcity of donors and a
significant risk of rejection, gastric transplantation is not a viable
solution. Consequently, patients are left to endure a decline in qual-
ity of life after surgery%. The emergence of organoid technology
offers hope for overcoming the challenges associated with trans-
plantation. On one hand, patients would no longer need to endure
long waiting times for donor allocation, and on the other hand,
organoid technology could significantly reduce the issue of immune
rejection.

In 2020, Yoshihara et al. successfully developed insulin-secreting
pancreatic islet organoids with only endocrine function. When trans-
planted into diabetic mouse models, these organoids not only
restored glucose homeostasis but also did not trigger immune rejec-
tionl®1, The Cambridge team, led by Ludovic, was the first to
successfully apply bile duct organoid transplantation in regenera-
tive medicine. Their work not only repaired chemically damaged bile
ducts in mice but also restored damaged ducts in human donor
livers. This pioneering achievement provides a prototype for the
application of organoids in humans, advancing the potential of cell
therapy in clinical settings82],

Gastric organoids possess self-renewal and self-organization
capabilities, which are crucial for gastric mucosal injury and ulcer
repair. Researchers transplanted gastric organoids into aged mice
and observed gradual repair of gastric ulcers(®l. The application of
organoid-based regenerative medicine in the stomach can also be
extended to organ transplantation. Before miniature gastric
organoids can be used in organ transplantation, it is necessary not
only to cultivate a complete structure that includes components like
muscle, blood vessels, and nerves, but also to grow it to an appropri-
ate size and anatomical configuration. After transplanting complex
gastric organoids—containing glands, smooth muscle, and func-
tional enteric neurons—into mice using microsurgical techniques,
these organoids expanded a thousandfold, forming visible minia-
ture organs. Eicher et al. suggests that using animal hosts to further
develop human-derived organoids may ultimately serve as the
pathway for organoid tissue transplantation in human patients.
However, clinical use of such organoid transplants must adhere to
Good Manufacturing Practice (GMP) standards, which may limit
the feasibility of using animals as long-term hosts for organoid
production(2'],

Currently, the application of organoid technology in gastric
regenerative medicine is still in its infancy, with a long way to go
before achieving clinical implementation.

Remaining challenges and progress

Although organoid technology has brought unprecedented
breakthroughs in scientific research and clinical applications, it is
not without limitations. Organoid models still exhibit significant
shortcomings in certain areas, such as a simplified culture environ-
ment, lack of complete tissue structures, insufficient microenviron-
ment simulation, and the absence of vascular integration. Addition-
ally, challenges related to long-term cultivation and standardization
of organoids remain critical bottlenecks affecting experimental
reproducibility and clinical translation.
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However, numerous exploratory solutions are already being
pursued to address these limitations. First, the organoid culture
environment is relatively simplistic, lacking the complex physiologi-
cal signals present in the stomach, such as dynamic peristalsis,
neural regulation, and the secretion of various substances. These
factors play crucial roles in gastric development, function, and
disease response in vivo, but are often inadequately replicated in
organoid systems in vitro. Most importantly, organoids typically lack
vasculature and form spherical or hollow structures. Organoids
located at the center of the Matrigel have limited exposure to the
external environment and culture medium, restricting the supply of
nutrients and oxygen!®4. This not only affects the long-term culture
and growth of organoids but also potentially limits their application
in modeling the cancer microenvironment and studying the physio-
logical and pathological mechanisms of gastric epithelial cells. The
emergence of microfluidic technology offers a potential solution to
this issue by integrating multiple external stimuli and controlling
fluid flow to better simulate the physiological conditions within the
human body!®, Lee et al. developed a gastric organoid-on-a-chip
model that, on a microfluidic imaging platform, uses a peristaltic
pump to deliver culture medium through the lumen, achieving
lumenization of the stomach and closely mimicking its physiologi-
cal conditions!®9], By enabling the co-culture of pancreatic islet and
liver organoids on the same chip, it is also possible to simulate the
interactions between different organs, providing a more compre-
hensive model of inter-organ communication®7],

Additionally, the cellular composition of organoids is relatively
simple, consisting only of a single layer of epithelial cells, lacking
immune cells, stromal cells, and other components present in the
microenvironment. This limitation hinders the full replication of the
complex cell-cell interactions occurring within the stomach(s8l,
Moreover, the progression of gastric diseases is often closely associ-
ated with the immune system®9, For example, macrophages not
only participate in anti-tumor immunity but can also promote tumor
growth and metastasis®. The development of organoid co-culture
technology effectively addresses this issue (Table 1). The co-culture
of organoids with diverse immune cell populations offers a more
physiologically relevant model that closely recapitulates the in vivo
microenvironment, thereby facilitating comprehensive studies of
immune cell functions and their interactions within the tumor
microenvironmentsl, In co-culture systems of organoids and
immune cells, commonly used approaches include Transwell assays
and Matrigel embedding. Transwell systems separate cells via a
permeable membrane, making them suitable for studying paracrine
signaling, while Matrigel co-embedding allows direct cell-cell
contact, better mimicking in vivo interactions. Each model has its
advantages, and the choice should be guided by specific experi-
mental objectives.

Although organoid-immune cell co-culture systems offer valu-
able tools to model tumor-immune interactions, several limitations
remain. First, these models cannot fully recapitulate the complex in
vivo tumor microenvironment, which involves dynamic interactions
among immune cells, endothelial cells, fibroblasts, and others. While
tumor-resident immune cells are more physiologically relevant, they
are difficult to isolate, available in limited quantities, and challeng-
ing to expand in vitro. In contrast, peripheral blood-derived immune
cells are more accessible but may not faithfully reflect local immune
responses. Moreover, cell ratios and culture conditions in co-culture
systems often fail to mimic in vivo settings. Second, to obtain suffi-
cient numbers of tumor-specific T cells, repeated in vitro expansion
is often required, which may lead to T cell exhaustion characterized
by functional decline and upregulation of inhibitory receptors.
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Table 1. Co-culture models of gastric organoids with various cell types in recent literature.
Organoids Co-cultured cells Co-culture ratio Culture method Publication year Ref.
PDOs CTLs Not mentioned Mix in Matrigel 2021 [91]
HuFGOs DCs, CTL Not mentioned Mix in Matrigel 2019 [55]
PDOs PBMCs 1:5 Not mentioned 2021 [92
Mouse gastroid Macrophages Not mentioned Transwell 2019 [56]
PDOs Macrophages 300:10° Co-cultured in the medium 2024 [65]
HuUFGOs DCs 80:10° Organoids in Matrigel, overlaid with DCs 2019 [93]
HUFGOs DCs Not mentioned GOFlowChip 2021 [94]
Mouse and human gastroid DCs Not mentioned Transwell 2022 [95]
PDOs CAFs 2:1 Mix in Matrigel 2024 [40]

TCs 1:5 Mix in Matrigel

Mouse and human gastroid ILC2s Not mentioned Mix in Matrigel 2024 [96]

The table outlines the types of co-cultured cells, their respective ratios, and the co-culture methods used, offering a concise overview of technical approaches in the field.

Moreover, the lack of standardization and reproducibility in
organoid models leads to poor consistency and repeatability in
experimental results. In organoid culture, Matrigel is a commonly
used scaffold material. It is extracted from Engelbreth-Holm-Swarm
(EHS) tumors and contains soluble basement membrane proteins.
Matrigel can form a 3D gel at 37 °C, simulating the in vivo 3D envi-
ronment of tissuesl®’l. Matrigel provides an ideal physical and chem-
ical environment for the formation and maintenance of various
organoid systems, including those derived from the pancreas, colon,
and liver. However, different batches of Matrigel exhibit variations in
biochemical properties, growth factor concentrations, and mecha-
nical performance, which can potentially affect experimental
outcomes.

In recent years, researchers have explored more controllable alter-
natives to Matrigel, among which synthetic or naturally derived
hydrogels represent one of the most promising directions. Hydro-
gels are composed of hydrophilic polymer networks that can be
crosslinked chemically or physically to form a 3D structure resem-
bling the ECM. Compared to Matrigel, their major advantages lie in
defined composition and tunable mechanical properties. Addition-
ally, decellularized ECM-derived hydrogels can provide organ-
specific biochemical cues that support organoid growthl®8l, Despite
improved controllability and reproducibility, hydrogels still face
several limitations. Most synthetic hydrogels lack the complex
bioactive signals present in native ECM, making it difficult to fully
support organoid self-organization and long-term maintenance
without further modification, such as the incorporation of adhesion
peptides or natural proteins. Moreover, hydrogel formulation and
crosslinking are often sensitive to environmental conditions, result-
ing in reduced experimental reproducibility and limited accessibil-
ity for general biological laboratories. Although no scaffold material
currently matches the full bioactivity and supportive capacity of
Matrigel, future improvements—such as the development of chemi-
cally defined hydrogels, organ-specific ECM-based materials, modu-
lar platforms, and standardized quality control systems—may help
advance the standardization and scalability of organoid culture
systems, facilitating broader application and clinical translation!®?,

Beyond the technical limitations and advancements discussed
above, several new technologies have been integrated with
organoid systems, offering promising opportunities to study physio-
logical processes and disease progression at the cellular and genetic
levels. One such technology is CRISPR/Cas9, a gene-editing tool that
can accurately target specific gene sequences and induce double-
strand breaks in DNA. Through the cell's damage repair mecha-
nisms, this enables precise gene knock-in or knock-out, expanding
the potential of organoid-based researchl'?.  Leveraging
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CRISPR/Cas9-mediated knockout of ARID1A—an epigenetic regula-
tor commonly altered across multiple cancer types—in organoid
models enables researchers to explore its contribution to tumorige-
nesis and gain deeper insights into its role in disease
progression['91l. Guenther et al. utilized CRISPR/Cas9 technology to
knockout the cortactin gene in dysplastic organoids, establishing a
model that simulates the malignant transformation process of
gastric epithelium. By integrating an air-liquid interface (ALI) culture
system, they successfully reconstructed the structural features of
gastric epithelium in vitro. This approach revealed how the loss of
cortactin disrupts cellular polarity, affecting the construction of
epithelial layers and promoting tumor-like morphology, thereby
providing a controllable organoid platform for understanding
epithelial malignant progressionl'%2,  Furthermore, integrating
single-cell sequencing with organoid technology allows for a deeper
understanding of the gene expression profiles of different cell types
within organoids. This approach can reveal the roles of these cells in
developmental processes and disease progression('?3, Looking
ahead, as technology continues to advance, organoid models will
increasingly integrate with other technologies, thereby expanding
the scope of organoid applications across various fields.

To promote the application of organoid technology in drug
screening, future developments must move toward automation and
high-throughput capabilities. By incorporating technologies such as
automated liquid handling systems, microfluidic chips, and machine
learning, organoids can be cultivated and analyzed on a large scale
with greater efficiency. This is especially critical in personalized
medicine, where drug sensitivity tests on patient-derived organoids
can aid in formulating individualized treatment plans. Moreover, to
ensure the widespread use of gastric organoid technology in
research and clinical applications, establishing standardized operat-
ing procedures and quality control systems is essential. In the future,
researchers will need to develop unified standards for organoid
cultivation, analysis, and identification, and extend these standards
to preclinical and clinical studies. As organoid technology continues
to mature, a key focus will be on how to effectively translate this
technology into broader clinical applications.

Conclusions

The advent of gastric organoid technology has enabled in-depth
investigation into the mechanisms underlying gastric development,
physiological functions, and disease pathogenesis, while also show-
ing great potential in personalized medicine and drug screening.
Despite significant progress, challenges remain, such as insufficient
tissue complexity, lack of vascularization, and limited integration of
the immune system. Future advancements in bioengineering,
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genome editing technologies, and automation are anticipated to
further enhance the applicability of gastric organoids in simulating
disease processes, evaluating therapeutic compounds, and advanc-
ing precision medicine. By further optimizing culture conditions and
standardizing operational procedures, the clinical translation poten-
tial of gastric organoids will be fully realized, contributing to the
development of effective therapeutic modalities for gastric cancer
and various gastrointestinal pathologies.

Ethical statements

This review did not involve any studies with human participants
or animals, and therefore, ethical approval was not required.

Author contributions

The authors confirm their contributions to the paper as follows:
study conception and design: Zhao TT; literature search: Mu XR,
Zhang JN, Li ZL, Yuan M, Chen WT; writing — draft manuscript prepa-
ration: Mu XR; figure preparation: Wang LL; writing — manuscript
revision: Miao ZF, Zhao TT, Wang LL, Pang MJ, Tong QY. All authors
reviewed the results and approved the final version of the
manuscript.

Data availability

Data sharing not applicable to this article as no datasets were
generated or analyzed during the current study.

Acknowledgments

The authors thank the following support: Miao ZF was supported
by National Natural Science Foundation of China (No. 82072724),
and the Department of Education of Liaoning Province
(QNZR2020004, 2021-YQ-07).

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 15 February 2025; Revised 9 July 2025; Accepted 25 July
2025; Published online 31 July 2025

References

1. Willet SG, Mills JC. 2016. Stomach organ and cell lineage differentia-
tion: from embryogenesis to adult homeostasis. Cellular and Molecular
Gastroenterology and Hepatology 2(5):546—59

2. McCracken KW, Wells JM. 2017. Mechanisms of embryonic stomach
development. Seminars in Cell and Developmental Biology 66:36—42

3.  Wang F, Meng W, Wang B, Qiao L. 2014. Helicobacter pylori-induced
gastric inflammation and gastric cancer. Cancer Letters 345(2):196—202

4, Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, et al. 2024. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal
for Clinicians 74(3):229-63

5. Lopez MJ, Carbajal J, Alfaro AL, Saravia LG, Zanabria D, et al. 2023.
Characteristics of gastric cancer around the world. Critical Reviews in
Oncology Hematology 181:103841

6. Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. 2020. Gastric
cancer: epidemiology, risk factors, classification, genomic characteris-
tics and treatment strategies. International Journal Of Molecular
Sciences 21(11):4012

Page 100f 12

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Gastric organoids in disease modeling and precision medicine

Laurén P. 1965. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal-type carcinoma. Acta Pathologica et
Microbiologica Scandinavica 64:31-49

Joshi SS, Badgwell BD. 2021. Current treatment and recent progress in
gastric cancer. CA: A Cancer Journal for Clinicians 71(3):264—79
Johnston FM, Beckman M. 2019. Updates on management of gastric
cancer. Current Oncology Reports 21(8):67

Sachs N, Clevers H. 2014. Organoid cultures for the analysis of cancer
phenotypes. Current Opinion in Genetics & Development 24:68—73
Stewart OA, Wu F, Chen Y. 2020. The role of gastric microbiota in
gastric cancer. Gut Microbes 11(5):1220—-30

Li Z, Wang J, Wang Z, Xu Y. 2023. Towards an optimal model for gastric
cancer peritoneal metastasis: current challenges and future directions.
eBioMedicine 92:104601

Kang SM, Kim D, Lee JH, Takayama S, Park JY. 2021. Engineered
microsystems for spheroid and organoid studies. Advanced Healthcare
Materials 10(2):e2001284

Li Y, Kumacheva E. 2018. Hydrogel microenvironments for cancer
spheroid growth and drug screening. Science Advances 4(4):eaas8998
Sato T, Vries RG, Snippert HJ, van de Wetering M, Barker N, et al. 2009.
Single Lgr5 stem cells build crypt-villus structures in vitro without a
mesenchymal niche. Nature 459(7244):262—65

Barker N, Huch M, Kujala P, van de Wetering M, Snippert HJ, et al. 2010.
Lgr5*¢ stem cells drive self-renewal in the stomach and build long-
lived gastric units in vitro. Cell Stem Cell 6(1):25-36

Stange DE, Koo BK, Huch M, Sibbel G, Basak O, et al. 2013. Differenti-
ated Troy* chief cells act as reserve stem cells to generate all lineages
of the stomach epithelium. Cell 155(2):357—68

McCracken KW, Cata EM, Crawford CM, Sinagoga KL, Schumacher M, et
al. 2014. Modelling human development and disease in pluripotent
stem-cell-derived gastric organoids. Nature 516(7531):400—4
McCracken KW, Aihara E, Martin B, Crawford CM, Broda T, et al. 2017.
Wnt/fg-catenin promotes gastric fundus specification in mice and
humans. Nature 541(7636):182—-87

Yan HHN, Siu HC, Law S, Ho SL, Yue SSK, et al. 2018. A comprehensive
human gastric cancer organoid biobank captures tumor subtype
heterogeneity and enables therapeutic screening. Cell Stem Cell
23(6):882—-897.e11

Eicher AK, Kechele DO, Sundaram N, Berns HM, Poling HM, et al. 2022.
Functional human gastrointestinal organoids can be engineered from
three primary germ layers derived separately from pluripotent stem
cells. Cell Stem Cell 29(1):36—51.e6

Chinese Anti-Cancer Association. 2024. Group standard for the
construction, quality control, and preservation of human gastric
cancer organoids. Chinese Journal of Digestive Surgery 23:761-69
Beumer J, Geurts MH, Geurts V, Andersson-Rolf A, Akkerman N, et al.
2024. Description and functional validation of human enteroen-
docrine cell sensors. Science 386(6719):341-48

Tong QY, Pang MJ, Hu XH, Huang XZ, Sun JX, et al. 2024. Gastric intesti-
nal metaplasia: progress and remaining challenges. Journal of
Gastroenterology 59(4):285-301

Yue SSK, Tong Y, Siu HC, Ho SL, Law SYK, et al. 2025. Divergent lineage
trajectories and genetic landscapes in human gastric intestinal meta-
plasia organoids associated with early neoplastic progression. Gut
74(4):522-38

Hofer M, Kim Y, Broguiere N, Gorostidi F, Klein JA, et al. 2025. Accessi-
ble homeostatic gastric organoids reveal secondary cell type-specific
host-pathogen interactions in Helicobacter pylori infections. Nature
Communications 16(1):2767

Karagiannis P, Takahashi K, Saito M, Yoshida Y, Okita K, et al. 2019.
Induced pluripotent stem cells and their use in human models of
disease and development. Physiological Reviews 99(1):79-114

Wells JM. 2016. Regenerative medicine in 2015: generating and regen-
erating the digestive system. Nature Reviews Gastroenterology & Hepa-
tology 13(2):65-66

Kurokawa K, Hayakawa Y, Koike K. 2021. Plasticity of intestinal epithe-
lium: stem cell niches and regulatory signals. International Journal of
Molecular Sciences 22(1):357

Mu et al. Gastrointestinal Tumors 2025, 12: €013


https://doi.org/10.1016/j.jcmgh.2016.05.006
https://doi.org/10.1016/j.jcmgh.2016.05.006
https://doi.org/10.1016/j.semcdb.2017.02.004
https://doi.org/10.1016/j.canlet.2013.08.016
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.critrevonc.2022.103841
https://doi.org/10.1016/j.critrevonc.2022.103841
https://doi.org/10.3390/ijms21114012
https://doi.org/10.3390/ijms21114012
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.3322/caac.21657
https://doi.org/10.1007/s11912-019-0820-4
https://doi.org/10.1007/s11912-019-0820-4
https://doi.org/10.1016/j.gde.2013.11.012
https://doi.org/10.1080/19490976.2020.1762520
https://doi.org/10.1016/j.ebiom.2023.104601
https://doi.org/10.1002/adhm.202001284
https://doi.org/10.1002/adhm.202001284
https://doi.org/10.1126/sciadv.aas8998
https://doi.org/10.1038/nature07935
https://doi.org/10.1016/j.stem.2009.11.013
https://doi.org/10.1016/j.cell.2013.09.008
https://doi.org/10.1038/nature13863
https://doi.org/10.1038/nature21021
https://doi.org/10.1016/j.stem.2018.09.016
https://doi.org/10.1016/j.stem.2021.10.010
https://doi.org/10.3760/cma.j.cn115610-20240527-00263
https://doi.org/10.1126/science.adl1460
https://doi.org/10.1007/s00535-023-02073-9
https://doi.org/10.1007/s00535-023-02073-9
https://doi.org/10.1136/gutjnl-2024-332594
https://doi.org/10.1038/s41467-025-57131-y
https://doi.org/10.1038/s41467-025-57131-y
https://doi.org/10.1152/physrev.00039.2017
https://doi.org/10.1038/nrgastro.2015.223
https://doi.org/10.1038/nrgastro.2015.223
https://doi.org/10.1038/nrgastro.2015.223
https://doi.org/10.3390/ijms22010357
https://doi.org/10.3390/ijms22010357

Gastric organoids in disease modeling and precision medicine

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Broda TR, McCracken KW, Wells JM. 2019. Generation of human antral
and fundic gastric organoids from pluripotent stem cells. Nature Proto-
cols 14(1):28-50

Noguchi TK, Ninomiya N, Sekine M, Komazaki S, Wang PC, et al. 2015.
Generation of stomach tissue from mouse embryonic stem cells.
Nature Cell Biology 17(8):984—93

Bartfeld S, Bayram T, van de Wetering M, Huch M, Begthel H, et al. 2015.
In vitro expansion of human gastric epithelial stem cells and their
responses to bacterial infection. Gastroenterology 148(1):126—136.e6
Yin X, Farin HF, van Es JH, Clevers H, Langer R, et al. 2014. Niche-inde-
pendent high-purity cultures of Lgr5* intestinal stem cells and their
progeny. Nature Methods 11(1):106—12

Seidlitz T, Koo BK, Stange DE. 2021. Gastric organoids—an in vitro
model system for the study of gastric development and road to
personalized medicine. Cell Death and Differentiation 28(1):68—83

Gao M, Lin M, Rao M, Thompson H, Hirai K, et al. 2018. Development of
patient-derived gastric cancer organoids from endoscopic biopsies
and surgical tissues. Annals of Surgical Oncology 25(9):2767-75

Song H, Park JY, Kim JH, Shin TS, Hong SA, et al. 2022. Establishment of
patient-derived gastric cancer organoid model from tissue obtained
by endoscopic biopsies. The Journal of Korean Medical Science
37(28):e220

McDonald HG, Harper MM, Hill K, Gao A, Solomon AL, et al. 2023.
Creation of EGD-derived gastric cancer organoids to predict treatment
responses. Cancers 15(11):3036

Morimoto T, Takemura Y, Miura T, Yamamoto T, Kakizaki F, et al. 2023.
Novel and efficient method for culturing patient-derived gastric
cancer stem cells. Cancer Science 114(8):3259-69

Wallaschek N, Niklas C, Pompaiah M, Wiegering A, Germer CT, et al.
2019. Establishing pure cancer organoid cultures: identification, selec-
tion and verification of cancer phenotypes and genotypes. Journal of
Molecular Cell Biology 431(15):2884—93

Zhao Y, Li S, Zhu L, Huang M, Xie Y, et al. 2024. Personalized drug
screening using patient-derived organoid and its clinical relevance in
gastric cancer. Cell Reports Medicine 5(7):101627

Nascakova Z, He J, Papa G, Francas B, Azizi F, et al. 2024. Helicobacter
pylori induces the expression of Lgr5 and stem cell properties in
gastric target cells. Life Science Alliance 7(11):e202402783

Mak TK, Li X, Huang H, Wu K, Huang Z, et al. 2022. The cancer-associ-
ated fibroblast-related signature predicts prognosis and indicates
immune microenvironment infiltration in gastric cancer. Frontiers in
Immunology 13:951214

Zavros Y, Merchant JL. 2022. The immune microenvironment in gastric
adenocarcinoma. Nature Reviews Gastroenterology & Hepatology
19(7):451-67

Yao L, Hou J, Wu X, Lu Y, Jin Z, et al. 2023. Cancer-associated fibrob-
lasts impair the cytotoxic function of NK cells in gastric cancer by
inducing ferroptosis via iron regulation. Redox Biology 67:102923

Le Guen L, Marchal S, Faure S, de Santa Barbara P. 2015. Mesenchymal-
epithelial interactions during digestive tract development and epithe-
lial stem cell regeneration. Cellular and Molecular Life Sciences
72(20):3883-96

Miao ZF, Adkins-Threats M, Burclaff JR, Osaki LH, Sun JX, et al. 2020. A
metformin-responsive metabolic pathway controls distinct steps in
gastric progenitor fate decisions and maturation. Cell Stem Cell
26(6):910-925.e6

Miao ZF, Lewis MA, Cho CJ, Adkins-Threats M, Park D, et al. 2020. A
dedicated evolutionarily conserved molecular network licenses differ-
entiated cells to return to the cell cycle. Developmental Cell
55(2):178-194.e7

Kamboj AK, Cotter TG, Oxentenko AS. 2017. Helicobacter pylori: the
past, present, and future in management. Mayo Clinic Proceedings
92(4):599-604

Ansari S, Yamaoka Y. 2019. Helicobacter pylori virulence factors exploit-
ing gastric colonization and its pathogenicity. Toxins 11(11):677

Camilo V, Sugiyama T, Touati E. 2017. Pathogenesis of Helicobacter
pylori infection. Helicobacter 22:12405

Amieva M, Peek RM Jr. 2016. Pathobiology of Helicobacter pylori-
induced gastric cancer. Gastroenterology 150(1):64—78

Mu et al. Gastrointestinal Tumors 2025, 12: €013

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Gastrointestinal
Tumors

Wroblewski LE, Piazuelo MB, Chaturvedi R, Schumacher M, Aihara E, et
al. 2015. Helicobacter pylori targets cancer-associated apical-junctional
constituents in gastroids and gastric epithelial cells. Gut 64(5):720-30
Bertaux-Skeirik N, Feng R, Schumacher MA, Li J, Mahe MM, et al. 2015.
CD44 plays a functional role in Helicobacter pylori-induced epithelial
cell proliferation. PLoS Pathogens 11(2):e1004663

Liu B, Bukhari |, Li F, Ren F, Xia X, et al. 2025. Enhanced LRP8 expres-
sion induced by Helicobacter pylori drives gastric cancer progression
by facilitating f-Catenin nuclear translocation. Journal of Advanced
Research 69:299-312

Holokai L, Chakrabarti J, Broda T, Chang J, Hawkins JA, et al. 2019.
Increased programmed death-ligand 1 is an early epithelial cell res-
ponse to Helicobacter pylori infection. PLoS Pathogens 15(1):e1007468
Suarez G, Romero-Gallo J, Piazuelo MB, Sierra JC, Delgado AG, et al.
2019. Nod1 imprints inflammatory and carcinogenic responses toward
the gastric pathogen Helicobacter pylori. Cancer Research
79(7):1600-11

Sexton RE, Al Hallak MN, Diab M, Azmi AS. 2020. Gastric cancer: a
comprehensive review of current and future treatment strategies.
Cancer and Metastasis Reviews 39(4):1179-203

Jin H, Wang L, Bernards R. 2023. Rational combinations of targeted
cancer therapies: background, advances and challenges. Nature
Reviews Drug Discovery 22(3):213—-34

Guan WL, He Y, Xu RH. 2023. Gastric cancer treatment: recent progress
and future perspectives. Journal of Hematology&Oncology 16(1):57
Zeng Y, Jin RU. 2022. Molecular pathogenesis, targeted therapies, and
future perspectives for gastric cancer. Seminars in Cancer Biology
86:566—82

Ukai S, Honma R, Sakamoto N, Yamamoto Y, Pham QT, et al. 2020.
Molecular biological analysis of 5-FU-resistant gastric cancer
organoids; KHDRBS3 contributes to the attainment of features of
cancer stem cell. Oncogene 39(50):7265-78

Wong TL, Loh JJ, Lu S, Yan HHN, Siu HC, et al. 2023. ADAR1-mediated
RNA editing of SCD1 drives drug resistance and self-renewal in gastric
cancer. Nature Communications 14(1):2861

Ouyang S, Li H, Lou L, Huang Q, Zhang Z, et al. 2022. Inhibition of
STAT3-ferroptosis negative regulatory axis suppresses tumor growth
and alleviates chemoresistance in gastric cancer. Redox Biology
52:102317

Zhang Z, Huang W, Huang D, Xu Z, Xie Q, et al. 2025. Repurposing of
phosphodiesterase-5 inhibitor sildenafil as a therapeutic agent to
prevent gastric cancer growth through suppressing c-MYC stability for
IL-6 transcription. Communications Biology 8(1):85

Yang R, Kwan W, Du Y, Yan R, Zang L, et al. 2024. Drug-induced senes-
cence by aurora kinase inhibitors attenuates innate immune response
of macrophages on gastric cancer organoids. Cancer Letters
598:217106

Liu J, Yuan Q, Guo H, Guan H, Hong Z, et al. 2024. Deciphering drug
resistance in gastric cancer: potential mechanisms and future perspec-
tives. Biomedicine & Pharmacotherapy 173:116310

Che G, Yin J, Wang W, Luo Y, Chen Y, et al. 2024. Circumventing drug
resistance in gastric cancer: a spatial multi-omics exploration of chemo
and immuno-therapeutic response dynamics. Drug Resistance Updates
74:101080

Cancer Genome Atlas Research N. 2014. Comprehensive molecular
characterization of gastric adenocarcinoma. Nature 513(7517):202-9
Ho SWT, Tan P. 2019. Dissection of gastric cancer heterogeneity for
precision oncology. Cancer Science 110(11):3405-14

Liu X, Meltzer SJ. 2017. Gastric Cancer in the era of precision medicine.
Cellular and Molecular Gastroenterology and Hepatology 3(3):348—-58
Shao F, Huang X, Ma Z, Li L, Qi C. 2025. Differences in chemotherapeu-
tic drug sensitivity before and after patient-derived tumor organoid
construction. Toxicology and Applied Pharmacology 499:117340
Vlachogiannis G, Hedayat S, Vatsiou A, Jamin Y, Fernandez-Mateos J, et
al. 2018. Patient-derived organoids model treatment response of
metastatic gastrointestinal cancers. Science 359(6378):920-26

Wang T, Song W, Meng Q, Qu C, Guo S, et al. 2024. Tumorigenicity and
prediction of clinical prognosis of patient-derived gastric cancer
organoids. Clinical and Translational Medicine 14(2):e1588

Page 110f 12


https://doi.org/10.1038/s41596-018-0080-z
https://doi.org/10.1038/s41596-018-0080-z
https://doi.org/10.1038/s41596-018-0080-z
https://doi.org/10.1038/ncb3200
https://doi.org/10.1053/j.gastro.2014.09.042
https://doi.org/10.1038/nmeth.2737
https://doi.org/10.1038/s41418-020-00662-2
https://doi.org/10.1245/s10434-018-6662-8
https://doi.org/10.3346/jkms.2022.37.e220
https://doi.org/10.3390/cancers15113036
https://doi.org/10.1111/cas.15840
https://doi.org/10.1016/j.xcrm.2024.101627
https://doi.org/10.26508/lsa.202402783
https://doi.org/10.3389/fimmu.2022.951214
https://doi.org/10.3389/fimmu.2022.951214
https://doi.org/10.1038/s41575-022-00591-0
https://doi.org/10.1016/j.redox.2023.102923
https://doi.org/10.1007/s00018-015-1975-2
https://doi.org/10.1016/j.stem.2020.03.006
https://doi.org/10.1016/j.devcel.2020.07.005
https://doi.org/10.1016/j.mayocp.2016.11.017
https://doi.org/10.3390/toxins11110677
https://doi.org/10.1111/hel.12405
https://doi.org/10.1053/j.gastro.2015.09.004
https://doi.org/10.1136/gutjnl-2014-307650
https://doi.org/10.1371/journal.ppat.1004663
https://doi.org/10.1016/j.jare.2024.04.002
https://doi.org/10.1016/j.jare.2024.04.002
https://doi.org/10.1371/journal.ppat.1007468
https://doi.org/10.1158/0008-5472.CAN-18-2651
https://doi.org/10.1007/s10555-020-09925-3
https://doi.org/10.1038/s41573-022-00615-z
https://doi.org/10.1038/s41573-022-00615-z
https://doi.org/10.1186/s13045-023-01451-3
https://doi.org/10.1016/j.semcancer.2021.12.004
https://doi.org/10.1038/s41388-020-01492-9
https://doi.org/10.1038/s41467-023-38581-8
https://doi.org/10.1016/j.redox.2022.102317
https://doi.org/10.1038/s42003-025-07519-9
https://doi.org/10.1016/j.canlet.2024.217106
https://doi.org/10.1016/j.biopha.2024.116310
https://doi.org/10.1016/j.drup.2024.101080
https://doi.org/10.1038/nature13480
https://doi.org/10.1111/cas.14191
https://doi.org/10.1016/j.jcmgh.2017.02.003
https://doi.org/10.1016/j.taap.2025.117340
https://doi.org/10.1126/science.aao2774
https://doi.org/10.1002/ctm2.1588

Gastrointestinal
Tumors

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Xiang D, He A, Zhou R, Wang Y, Xiao X, et al. 2024. Building consensus
on the application of organoid-based drug sensitivity testing in cancer
precision medicine and drug development. Theranostics 14(8):3300-16
Chakrabarti J, Koh V, So JBY, Yong WP, Zavros Y. 2021. A preclinical
human-derived autologous gastric cancer organoid/immune cell co-
culture model to predict the efficacy of targeted therapies. Journal of
Visualized Experiments 6:e61443

Ota H, Tanabe K, Saeki Y, Takemoto Y, Chikuie E, et al. 2024. Establish-
ment of a novel overlay culture method that enables immune res-
ponse assessment using gastric cancer organoids. Heliyon 10(1):e23520
Xu X, Gao Y, Dai J, Wang Q, Wang Z, et al. 2024. Gastric cancer assem-
bloids derived from patient-derived xenografts: a preclinical model for
therapeutic drug screening. Small Methods 8(9):e2400204

Kan L, Yu Y, Wang Y, Shi L, Fan T, et al. 2025. The application of
organoids in investigating immune evasion in the microenvironment
of gastric cancer and screening novel drug candidates. Molecular
Cancer 24(1):125

Yuan P, Wu Z, Li Z, Bu Z, Wu A, et al. 2019. Impact of postoperative
major complications on long-term survival after radical resection of
gastric cancer. BMC Cancer 19(1):833

Lewis A, Koukoura A, Tsianos Gl, Gargavanis AA, Nielsen AA, et al. 2021.
Organ donation in the US and Europe: the supply vs demand imbal-
ance. Transplantation Reviews 35(2):100585

Yoshihara E, O'Connor C, Gasser E, Wei Z, Oh TG, et al. 2020. Immune-
evasive human islet-like organoids ameliorate diabetes. Nature
586(7830):606—11

Sampaziotis F, Muraro D, Tysoe OC, Sawiak S, Beach TE, et al. 2021.
Cholangiocyte organoids can repair bile ducts after transplantation in
the human liver. Science 371(6531):839—-46

Engevik AC, Feng R, Choi E, White S, Bertaux-Skeirik N, et al. 2016. The
development of Spasmolytic Polypeptide/TFF2-Expressing Metaplasia
(SPEM) during gastric repair is absent in the aged stomach. Cellular and
Molecular Gastroenterology and Hepatology 2(5):605—24

Lee H. 2023. Engineering in vitro models: bioprinting of organoids with
artificial intelligence. Cyborg and Bionic Systems 4:0018

Saorin G, Caligiuri |, Rizzolio F. 2023. Microfluidic organoids-on-a-chip:
The future of human models. Seminars in Cell and Developmental Biol-
ogy 144:41-54

Lee KK, McCauley HA, Broda TR, Kofron MJ, Wells JM, et al. 2018.
Human stomach-on-a-chip with luminal flow and peristaltic-like
motility. Lab on a Chip 18(20):3079-85

Bauer S, Wennberg Huldt C, Kanebratt KP, Durieux |, Gunne D, et al.
2017. Functional coupling of human pancreatic islets and liver
spheroids on-a-chip: Towards a novel human ex vivo type 2 diabetes
model. Scientific Reports 7(1):14620

Soybel DI. 2005. Anatomy and physiology of the stomach. Surgical
Clinics of North America 85(5):875-94

Hunt RH, Camilleri M, Crowe SE, EI-Omar EM, Fox JG, et al. 2015. The
stomach in health and disease. Gut 64:1650—68

Gambardella V, Castillo J, Tarazona N, Gimeno-Valiente F, Martinez-
Ciarpaglini C, et al. 2020. The role of tumor-associated macrophages in
gastric cancer development and their potential as a therapeutic target.
Cancer Treatment Reviews 86:102015

Page 12 0f 12

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

Gastric organoids in disease modeling and precision medicine

Koh V, Chakrabarti J, Torvund M, Steele N, Hawkins JA, et al. 2021.
Hedgehog transcriptional effector GLI mediates mTOR-Induced PD-L1
expression in gastric cancer organoids. Cancer Letters 518:59—-71

Xiang Z, Zhou Z, Song S, Li J, Ji J, et al. 2021. Dexamethasone
suppresses immune evasion by inducing GR/STAT3 mediated down-
regulation of PD-L1 and IDO1 pathways. Oncogene 40(31):5002—12
Sebrell TA, Hashimi M, Sidar B, Wilkinson RA, Kirpotina L, et al. 2019.
A novel gastric spheroid co-culture model reveals chemokine-
dependent recruitment of human dendritic cells to the gastric epithe-
lium. Cellular and Molecular Gastroenterology and Hepatology
8(1):157-171.e3

Cherne MD, Sidar B, Sebrell TA, Sanchez HS, Heaton K, et al. 2021. A
synthetic hydrogel, VitroGel® ORGANOID-3, improves immune cell-
epithelial interactions in a tissue chip co-culture model of human
gastric organoids and dendritic cells. Frontiers in Pharmacology
12:707891

Ding L, Chakrabarti J, Sheriff S, Li Q, Thi Hong HN, et al. 2022. Toll-like
receptor 9 pathway mediates schlafen®™-MDSC polarization during
helicobacter-induced gastric metaplasias. Gastroenterology
163(2):411-425.e4

Contreras-Panta EW, Lee SH, Won Y, Norlander AE, Simmons AJ, et al.
2024. Interleukin 13 promotes maturation and proliferation in meta-
plastic gastroids. Cellular and Molecular Gastroenterology and Hepa-
tology 18(3):101366

Kleinman HK, Martin GR. 2005. Matrigel: basement membrane matrix
with biological activity. Seminars in Cancer Biology 15(5):378—86

Song H, Jiang H, Hu W, Hai Y, Cai Y, et al. 2024. Cervical extracellular
matrix hydrogel optimizes tumor heterogeneity of cervical squamous
cell carcinoma organoids. Science Advances 10(20):eadI3511

Mosquera MJ, Kim S, Bareja R, Fang Z, Cai S, et al. 2022. Extracellular
matrix in synthetic hydrogel-based prostate cancer organoids regu-
late therapeutic response to EZH2 and DRD2 inhibitors. Advanced
Materials 34(2):e2100096

Pacesa M, Pelea O, Jinek M. 2024. Past, present, and future of CRISPR
genome editing technologies. Cell 187(5):1076—100

Lo YH, Kolahi KS, Du Y, Chang CY, Krokhotin A, et al. 2021. A CRISPR/
Cas9-engineered ARID1A-deficient human gastric cancer organoid
model reveals essential and nonessential modes of oncogenic trans-
formation. Cancer Discovery 11(6):1562—81

Guenther AA, Ahn S, Min J, Zhang C, Lee HJ, et al. 2025. Cortactin facili-
tates malignant transformation of dysplastic cells in gastric cancer
development. Cellular and Molecular Gastroenterology and Hepatology
19(6):101490

Gerli MFM, Cala G, Beesley MA, Sina B, Tullie L, et al. 2024. Single-cell
guided prenatal derivation of primary fetal epithelial organoids from
human amniotic and tracheal fluids. Nature Medicine 30(3):875-87

Copyright: © 2025 by the author(s). Published by
Maximum Academic Press, Fayetteville, GA. This article

is an open access article distributed under Creative Commons
Attribution License (CC BY 4.0), visit https://creativecommons.org/
licenses/by/4.0/.

Mu et al. Gastrointestinal Tumors 2025, 12: €013


https://doi.org/10.7150/thno.96027
https://doi.org/10.3791/61443
https://doi.org/10.3791/61443
https://doi.org/10.1016/j.heliyon.2023.e23520
https://doi.org/10.1002/smtd.202400204
https://doi.org/10.1186/s12943-025-02328-4
https://doi.org/10.1186/s12943-025-02328-4
https://doi.org/10.1186/s12885-019-6024-3
https://doi.org/10.1016/j.trre.2020.100585
https://doi.org/10.1038/s41586-020-2631-z
https://doi.org/10.1126/science.aaz6964
https://doi.org/10.1016/j.jcmgh.2016.05.004
https://doi.org/10.1016/j.jcmgh.2016.05.004
https://doi.org/10.34133/cbsystems.0018
https://doi.org/10.1016/j.semcdb.2022.10.001
https://doi.org/10.1016/j.semcdb.2022.10.001
https://doi.org/10.1016/j.semcdb.2022.10.001
https://doi.org/10.1039/c8lc00910d
https://doi.org/10.1038/s41598-017-14815-w
https://doi.org/10.1016/j.suc.2005.05.009
https://doi.org/10.1016/j.suc.2005.05.009
https://doi.org/10.1136/gutjnl-2014-307595
https://doi.org/10.1016/j.ctrv.2020.102015
https://doi.org/10.1016/j.canlet.2021.06.007
https://doi.org/10.1038/s41388-021-01897-0
https://doi.org/10.1016/j.jcmgh.2019.02.010
https://doi.org/10.3389/fphar.2021.707891
https://doi.org/10.1053/j.gastro.2022.04.031
https://doi.org/10.1016/j.jcmgh.2024.101366
https://doi.org/10.1016/j.jcmgh.2024.101366
https://doi.org/10.1016/j.jcmgh.2024.101366
https://doi.org/10.1016/j.semcancer.2005.05.004
https://doi.org/10.1126/sciadv.adl3511
https://doi.org/10.1002/adma.202100096
https://doi.org/10.1002/adma.202100096
https://doi.org/10.1016/j.cell.2024.01.042
https://doi.org/10.1158/2159-8290.CD-20-1109
https://doi.org/10.1016/j.jcmgh.2025.101490
https://doi.org/10.1038/s41591-024-02807-z
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	History of gastric organoid development
	Organoid cultivation methods
	Developmental biology
	Modeling of H. pylori infection
	Gastric cancer and drug resistance mechanism research
	Personalized treatment
	Regenerative medicine
	Remaining challenges and progress
	Conclusions
	Ethical statements
	Author contributions
	Data availability
	References

