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Abstract Cell-cell communication and interactions are essential for multicellular organisms. Monitoring

and elucidation of their interactions is fundamental to understanding the diverse biological processes. However, in
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vivo genetic monitoring of cell-cell interactions remains challenging to date. In this study, this group developed a
proximal cell genetics, combining synNotch with traditional genetic approaches, to monitor in vivo cell-cell inter-
actions, as well as to permanently trace their contact histories. This group generated knock-in mice that expressed
synNotch elements, where an artificial Notch ligand was expressed in one cell type (sender cells) and an artificial
receptor in another cell type (receiver cells). The specific binding of ligand and receptor between two contacting
cells activates synNotch pathway, and initiates the expression of reporter gene in receptor cells, thus enabling ge-
netic labelling and lineage tracing of the receptor cells. Using the proximal cell genetics, this group revealed the
dynamic interactions between endothelial cells with cardiomyocytes or tumor cells. This proximal cell genetic ap-

proach could be widely applied to understand scientific questions involved with cell-cell interaction, opening new

window for study cell-cell communication.
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A: schematic figure showing canonical Notch signal pathway. NICD, Notch intracellular domain. B: illustration showing proximal cell genetics system

for genetic labeling of contacting cells. C: schematic showing the overall design of the intercellular genetic labelling system. The dotted arrow indicates

that the tTA enters the nucleus and binds to the tetO sequence; the solid arrow represents the LacZ initiation expression. D: whole-mount X-gal staining
of E9.5 embryos of Thnt2-mGFP;tetO-LacZ, Cdh5-0GFP-N-tTA;tetO-LacZ, Tnnt2-mGFP; Cdh5-aGFP-N-tTA;tetO-LacZ embryos. Arrows, LacZ" car-

diac ECs. Scale bars: yellow, I mm.
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Fig.1 Intercellular genetic monitoring of cell-cell interactions (modified from reference [21])
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A: schematic showing proximal cell genetics strategy for permanent genetic tracing of cardiac endothelial cells (ECs) that have contacted cardiomyocytes
(CMs). B: illustration of the development of the endocardial cushion and cardiac valves (red). Green indicates CMs. C,D: whole-mount fluorescence
images Tnnt2-mGFP;Cdh5-aGFP-N-tTA; tetO-Cre;R26-tdT embryos, and immunostaining for tdT and GFP on their embryonic sections. E: illustration
showing that ECs from the developing heart migrate to liver bud at E8.5 and subsequently contribute to liver vasculature. F: whole-mount fluorescence
images of PO livers. G: immunostaining for tdT and PECAM on PO liver sections. Arrowheads, tdTomato+ECs. Control (blue box) is Cdh5-aGFP-N-
tTA;tetO-Cre;R26-tdT. H: illustration showing genetic labelling of ECs based on their contact with CMs (left) and lineage tracing of ECs based on their
contact history with CMs (right). Fb, fibroblast; EMT, endothelial-to-mesenchymal transition. Scale bars: yellow, 400 pm; white, 100 pm.
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Fig.2 Intercellular genetic tracing of endothelial cells that have contacted with cardiomyocytes (modified from reference [21])
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Fig.3 Intercellular genetic tracing of tumor cell-EC interaction (modified from reference [21])
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