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Figure 1 Schematic diagram of the MOCS system for the maintenance of Bama miniature pig’s heart, liver and kidney, adapted from Ref. [15]. The
MOCS system primarily comprises three core modules: a normothermic perfusion system; an organ-support chamber for simulating the physiological
external environment; and the real-time monitoring and regulation module to sustain the physiological functions of multiple organs
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Figure 2 Disease modeling and multi-organ crosstalk study under various pathological conditions using MOCS-based platform
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Cardiovascular-driven multi-organ crosstalk: research
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The human body functions as a complex, nonlinear system, wherein multiple organs are tightly interconnected through
vascular, neural, and endocrine networks to maintain physiological homeostasis. Recent advances have highlighted the
pivotal roles of multi-organ networks—such as the heart-brain, heart-kidney, and neuroimmune axes—in both
physiological regulation and the pathogenesis of systemic diseases. Among these, the cardiovascular system serves not
only as a circulatory conduit but also as a critical hub for inter-organ signaling. Cardiovascular diseases (CVDs), therefore,
are rarely isolated events and are profoundly influenced by the dynamic interplay among multiple organ systems.
Understanding how CVDs affect and are affected by other organs, including the structural and functional evolution of these
interactions, is crucial for elucidating disease mechanisms and developing effective therapies.

Despite various research models, from animal studies to organ-on-a-chip systems, current approaches remain inadequate
for elucidating real-time inter-organ interactions under physiological or pathological conditions. Addressing this gap, our
team has developed a novel Multi-organ Circulatory and Supervision System (MOCS), which harnesses the ex vivo cardiac
function to drive and sustain multiple organs within an integrated, perfused circulatory network. MOCS maintains near-
physiological conditions for multiple organs while enabling controlled simulation of specific inter-organ crosstalk. Its
modular design allows flexibility in experimental configurations, supporting the study of diverse disease models and
therapeutic strategies. Initial validation using Bama miniature pig hearts, livers, and kidneys demonstrated that MOCS can
maintain the viability and function of ex vivo organs for up to 17 hours. Notably, cardiac function remained stable, while
hepatic and renal functions declined over time, indicating differential organ vulnerability and providing critical insights
into the onset of multi-organ dysfunction.

MOCS represents a promising research platform for studying cardiovascular-driven multi-organ interactions. It
facilitates real-time monitoring and manipulation of physiological parameters, enabling the study of both acute and chronic
pathophysiological processes. The modular design of MOCS facilitates flexible configuration for the study of inter-organ
crosstalk in various disease models, including cardiovascular diseases, hepatic and kidney disorders, metabolic syndrome,
autoimmune diseases, and multi-organ dysfunction syndrome. Beyond its research value in physiology and
pathophysiology, MOCS holds broad translational potential by enabling comprehensive evaluation of drug
pharmacokinetics, multi-organ toxicity, stem cell and gene therapies, novel medical devices, and organoids, while also
supporting organ preservation and the optimization of transplantation strategies.

In conclusion, MOCS bridges a critical gap in experimental modeling by providing a physiologically relevant, dynamic,
and modular platform for multi-organ research. It holds significant potential for advancing our understanding of systemic
diseases and for the development of targeted, organ-specific, and cross-organ therapeutic interventions.

multi-organ crosstalk, cardiovascular-driven, cardiovascular diseases, multi-model monitoring
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