Characterization of human brain organoids with single-cell spatial resolution and molecular specificity
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Microglia, the maijor tissue-resident macrophage population in the parenchyma of the central . . Organoid Co-culture organoid
nervous system, play key roles in brain development, homeostasis, and neurological disorders. /
Under homeostatic conditions, microglia constantly survey their surrounding environment and o B B S
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neurodevelopmental and neurodegenerative diseases. A better understanding of microglial function i IIIIT I T I I l.IIT II I neurondiff 1

and molecular crosstalk with brain cells is key to find new targets for disease treatment. Recent firoblast |] I I npe

advanced stem cell research has made possible to generate from human induced pluripotent stem . II.IIIIIIII. I I I macrophage  ©
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recapitulating embryonic human brain development. To gain a deeper understanding of microglia S — — —— — —— o B -1
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derived brain organoids. Here, we first generated microglia-like cells (hiMicro) from iPSC-derived | Eroa tde neuron_b ZRZZT=3 o> 2R ©T> IEgEs N s$0=n FTlo" ©g 3

human primitive macrophages (hiMac) by co-culture them with brain organoids. Next, we e 7 >

implemented the CosMx™ spatial molecular imager (SMI, NanoString Technologies) to map the a0 o Summary

dentity and status of IPSC-differentiated cell types in brain organoids. The CosMx SMI system * In total ab.out 35,000 cell§ from 4 brain organoid slices were profiled with the CosMx 1000-plex RNA pa-ne-I

features high-plex, high-throughput and high resolution, therefore conducive to assess the N « Unsupervised cell clustering sulccessfully detects all expected cell types: neuron, NPC, macrophage (hiMicro)

distribution, interaction and function of hiMicro. In particular, the CosMx SMI system enabled us to * Small group of neuron expressing GADD45B, HSPA1A and HSPA1B

« Afew hundred fibroblast-like cells were annotated, suggesting the further development from mesoderm Representative 3D images of brain organoids cultured in the absence and presence of iMac for 18 days

categorize different subgroups of hiMicro based on their unique spatial locations and transcriptional
status. For instance, we profiled differential gene expression of hiMicro at anatomically distinct

interior organoid region <-- log2(Fold Change) --> outer organoid region
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* Morphology markers: GFAP, MAP2, NeuN, CD68, DAPI « Both hiMicro and NPC show highly location-specific gene expression profiles in brain organoids
« Spatial distancing from hiMicro up-regulates the expression of several key proliferation-related genes, including NTRK2, TGFB2 and NOTCH2, in NPC
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« Pathway analysis suggests that hiMicro primarily impacts “Signal Transduction”, “Immune System” and “Extracellular Matrix Organization” of the NPC and brain organoids
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