Using spatial proteomics on human cardiac organoids to map cell-cell and cell-matrix interactions in fibrosis 
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Introduction. Cell-cell and cell-matrix interactions regulate cardiac tissue homeostasis and disease development. Spatial mapping of these interactions and changes to tissue architecture can be done through immunohistochemistry (IHC), though this is limited to a few markers per sample. Recent years, major strides have been made towards multiplexing IHC, now making it possible to image ~100 different markers on one sample. This allow us to study the dynamics of extracellular matrix (ECM) remodelling in cardiac fibrosis into greater detail and with higher throughput. 
Aims. To develop a spatial-proteomics workflow using the Akoya PhenoCycler to study cell-cell and cell-matrix interactions in a 3D human cardiac organoid (hCO) model. 
Methods. A high throughput stem-cell derived hCO model, consisting of cell types found in the human heart, including cardiomyocytes, fibroblasts, epicardial cells and endothelial cells, was used to model fibrosis in response to fibrotic stimuli (TGFβ and endothelin-1). Functional parameters (force, rate, activation and relaxation time) were analysed along with IHC for classic fibrosis markers (tenascin C, fibronectin). In addition, hCOs were pooled, organised in an arrayed format (6 x 4-5), and fresh-frozen in OCT-compound, while maintaining treatment group identity. OCT blocks were sectioned (7 µm), with sections placed onto coverslips to image using the Akoya PhenoCycler format. A custom cardiac antibody panel with over 20 markers was generated through antibody-barcode conjugation, including cardiac (TNNI3, NKX2-5), fibroblast (DCN, αSMA), endothelial (CD31), epicardial (WT-1) and ECM (TNC, FN, COL1A1) markers to enable multiplexed cell type identification and ECM localisation. 
Results. Fibrotic mediators resulted in distinct functional alterations and IHC demonstrated robust changes in fibrosis markers. Initial PhenoCycler runs have been performed, providing evidence of feasibility, successful antibody conjugation and marker specificity.
Discussion. We have applied spatial proteomics using a custom-made antibody panel for the first time on hCOs to enable high throughput visualisation of ECM remodelling and cell-cell interactions. Current work is focussed on further optimising sample processing, expanding the antibody panel and establishing quantitative analysis pipelines. 
