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For decades, drug development and disease research have been 
constrained by the limitations of two-dimensional (2D) cell cul-
tures and animal models. These systems, while foundational to 
early biomedical progress, fail to replicate the cellular complexity, 
tissue architecture, and dynamic physiological interactions of 
human biology, leading to high attrition rates in clinical trials 
and a critical gap between preclinical findings and real-world
patient outcomes. Today, this impasse is being dismantled by
two revolutionary technologies: organoids and organs-on-chips
(OOCs), which offer unprecedented fidelity to human tissue func-
tion and disease pathology. These advanced models bridge the
divide between in vitro simplicity and in vivo complexity, providing
a window into human biology that was once inaccessible.

This special issue titled ‘‘Organoids and Organs-on-Chips” 
brings together leading researchers to showcase the latest break-
throughs in these transformative fields. The collection of articles 
covers topics ranging from technical advancemen ts in model engi-
neering, including organoid vascularization and advanced culture
platforms, to translational applications using patient-derived
tumor chips to predict individual responses to cancer therapies.
Complex in vitro new approach methodologies for human appli-
cation, such as multi-organ microphysiological systems (MPSs), are 
recognized as having great potential to emulate human biology 
in vitro. In this special issue, Uwe Marx et al. point out that 
organismoids-on-chips, pregnancy-on-chips, and automate d
artificial intelligence (AI)-assisted MPS twin generation are the
three major challenges remaining in the development of MPS. They
anticipate that a paradigm shift in drug and therapy development
will occur once these challenges are overcome.

The future success of MPSs critically hinges on the evolution of 
innovative strategies for constructing in vitro models. Xu Deng 
et al. provide a comprehensive overview of existing methods for 
building such models, while highlighting compartmentalization 
as a unifying yet under-utilized design principle that underpins 
both OOCs and organoids. They propose that framing compartmen-
talization not just as a means of spatial partitioning but as a
dynamic system of reciprocal interactions between cells and their
surrounding microenvironments could unlock novel conceptual
and technical avenues for advancing MPS technology.

A transformative framework for replicating the aging process in 
OOC systems is reported by Yu Shrike Zhang et al. This framework 
emphasizes the redefining of ‘‘aging-on-a-chip” as a dynamically 
evolving, controllable process, rather than simply replicating aging 
phenotypes or disease endpoints. They propose that the involve-
ment of individual heterogeneity and AI modeling can establish a
roadmap for the development of aging-on-a-chip systems as
next-generation tools for precision geroscience.

Organoids have emerged as powerful tools for disease model-
ing, mechanistic exploration, drug screening, and regenerative 
medicine. In this special issue, a review by Wei Shi et al. critically 
examines advances, strategies, and challenges associated with the 
application of organoids for drug testing in tissue engineering and 
regenerative medicine. In addition, Yun Qian et al. summarize
recent advances in the formation of spinal cord and peripheral
nerve organoids and explore their potential applications and future
challenges in neural tissue engineering. Feng Ding et al. provide a
systematic survey of the available literature on the latest progress
in extracellular vesicle (EV)-based treatments for peripheral nerve,
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spinal cord, and brain injuries, highlighting the synergistic inter-
play between organoids and EVs in nerve injury repair and regen-
erative medicine. Furthermore, Xiangwei Zhao et al.’s research 
establishes human cerebral organoids as a promising platform for
investigating central nervous system oxygen toxicity, offering a
human-relevant system to overcome species limitations in neuro-
toxicity research.

The poor vascularization of organoids during clinical translation 
applications often leads to significant apoptosis of transplanted 
cells. To address this limitation, Kai Wang et al. propose a strategy 
to engineer immune-driven pre-vascularized niches. They show
that these niches successfully support the structural integration
of vascular organoids and the long-term functional maintenance
of pancreatic islets, providing a clinically translatable engineered
platform for cell-based therapies.

Developing advanced platforms for organoid culture interaction 
is essential for the future development of precision medicine. 
Maling Gou et al. present a novel microwell array platform that 
enables the cultivation of patient-derived organoid s without
Matrigel, providing an in vitro platform for assessing chimeric
antigen receptor T (CAR-T) cell efficacy. Pu Chen et al. develop a
trans-germ-layer co-development organoid chip that enables the
2

co-emergence of two interconnected yet distinct organoids from 
a common upstream-lineage stem cell aggregate. This platform 
provides an innovative tool for bioengineering multi-organoid
complexes derived from shared progenitor lineages.

The application of organoids and OOCs in precision medicine is 
increasingly emerging as a transformative force, bridging the gap 
between basic research and clinical practice to tailor treatments 
to individual patients’ unique biological profiles. In this issue, Yang 
Shen et al. establish patient derived ovarian cancer organoids and 
multicellular tumor on a chip models that preserve the tumor his-
tological morphology and intrinsic molecular characteristics,
enabling high throughput drug screening and the dynamic evalua-
tion of mesothelin targeted CAR-T cell efficacy. This engineered
platform provides a clinically translatable strategy for personalized
ovarian cancer therapy.

We are honored to present this collection of cutting-edge 
research, and we hope it inspires continued collaboration across 
disciplines—from stem cell biology to microengineering and 
beyond—to unlock the transformative potential of organoid and
OOC technologies. We believe that these innovative
in vitro models are reshaping the future landscape of medicine
and pharmacy.
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