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ABSTRACT 
Our research focuses on the development and application of a versatile, high-resolution experimental platform based on human induced pluripotent stem cells (iPSCs) trisomic for chromosome 21 and engineered to express Cas9 under the control of an inducible promoter. This platform allows for precise, temporally controlled genome editing to investigate the function of genes and gene regions on chromosome 21, which, when present in three copies, are responsible for the phenotypes associated with Down syndrome (DS).
A key innovation of our approach lies in its allele specificity: through the identification of naturally occurring single-nucleotide polymorphisms (SNPs) that affect CRISPR targeting, we are able to selectively silence a gene on only one of the three HSA21 alleles. This enables us to mimic a return to functional disomy in trisomic cells without disturbing the disomic baseline shared with typical individuals. In combination with inducibility, our system provides unique access to a critical question in neurodevelopmental and therapeutic research: are the effects of gene dosage reversible once differentiation has occurred?
Our initial phenotypic readout is based on neuronal differentiation, a process known to be disrupted in DS and tightly linked to intellectual disability. Using well-characterized protocols, we can quantify changes in mitochondrial function, synaptic density, neurite architecture, and cell-type specification in isogenic edited and non-edited cells. These assays enable the identification of genes or genomic regions whose overexpression contributes to early neurodevelopmental phenotypes.
However, the applicability of our platform extends well beyond the study of cortical neurons. Because iPSCs can be differentiated into a wide array of cell types—including astrocytes, oligodendrocytes, endothelial cells, and immune lineage cells—our system provides an unprecedented opportunity to explore the role of chromosome 21 genes in multiple tissues relevant to DS pathogenesis and beyond. For example, the marked reduction in solid tumors in DS and the increased risk of early-onset Alzheimer’s disease highlight the pleiotropic effects of trisomy 21 gene dosage and its relevance to cancer biology, neurodegeneration, and immunology.
Ultimately, by integrating allele-specific, inducible genome editing with multiparametric phenotypic readouts and transcriptomic profiling, our platform enables the systematic dissection of gene function on chromosome 21. It is a tool not only for understanding the genetic basis of DS but also for uncovering gene functions that may be critical in general human biology and disease. The insights gained will inform the rational design of therapeutic strategies—whether pharmacological, genetic, or cellular—tailored to specific developmental windows and cellular contexts.
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