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Abstract 

Mathematical modeling of gene networks in systems biology has uncovered 
key design principles underlying network motifs that regulate 
transcriptional responses. Comparable engineering principles are thought 
to control the interactions of molecular response programs among 
neighboring cells within local tissue environments. These cellular circuits 
play a critical role in governing tissue development, maintaining 
homeostasis, and mediating responses to disease. Recent advances in 
spatial transcriptomics now enable precise measurement of cellular states 
within tissues; however, existing computational methods are largely 
descriptive and lack the capacity to predict these circuits or their 
downstream effects on cellular behavior. We introduce latent variable 
modeling approaches to integrate single-cell RNA-sequencing and high-
resolution imaging-based spatial transcriptomics data for the inference of 
cellular circuitry. Focusing on cardiac lesion repair in mouse models of 
myocardial infarction, we demonstrate that our integrative spatial analysis 
strategy reveals cellular networks regulating dynamics of scar formation 
and unveils local niche signals that induce a progenitor-like cardiomyocyte 
state. These discoveries could be leveraged in the future to improve cardiac 
repair and regeneration of the heart muscle. 

 


