Metabolomics and Organoids: Bridging Functional Readouts with 3D Biology
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Untargeted metabolomics applied to organoid systems enables high-resolution functional
interrogation of metabolic networks in physiologically structured, human-relevant models. By
preserving tissue-specific architecture, cellular heterogeneity, and microenvironmental cues,
organoids offer a dynamic experimental platform to study metabolic rewiring underlying
differentiation, disease progression, and therapeutic response. When integrated with advanced
mass spectrometry techniques—including isotope tracing, spatial metabolite imaging, and
longitudinal sampling—these systems support mechanistic exploration of core pathways such as
redox homeostasis, nucleotide synthesis, and mitochondrial flux.

This approach allows the identification of active metabolic states, detection of pathway inflection
points, and mapping of intercellular metabolic crosstalk with translational relevance. Applications
span from metabolomic phenotyping in tumor-derived organoids to immune—metabolic profiling
and developmental trajectory mapping in stem cell-derived models. Organoid—metabolomics
integration thus represents a powerful strategy to derive mechanistically anchored, predictive
insights in systems biomedicine.

Although analytical challenges remain—such as limited sample biomass, matrix interference, and
lack of protocol standardization—ongoing methodological innovations are rapidly improving
sensitivity, spatial resolution, and reproducibility. Together, these advances position organoid-based
metabolomics as a cornerstone technology for next-generation functional modeling in biomedical
research.



