Investigating cardiac dysfunction in sepsis using organoids, serum proteomics and BET inhibition
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Introduction. Sepsis is a leading cause of multi-organ failure and high mortality with cardiac dysfunction strongly linked with increased mortality. Despite this targeted therapies are lacking due the absence of relevant human cardiac models for mechanistic investigations.
Aims. To identify serum proteins associated with sepsis-induced cardiac dysfunction and evaluate the therapeutic potential of bromodomain and extra-terminal domain (BET) inhibition using human cardiac organoids (hCO).

Methods. Serum samples were collected from 10 healthy donors and 31 ICU patients with septic shock stratified by Vasoactive-Inotropic Score (VIS). Proteomic profiling were performed using the Olink Explore HT platform (>5300 proteins). hCO were incubated with sera for 24 hrs to assess contractile force for systolic function and relaxation time (Tr50) for diastolic function via video based analysis (Mills et al 2021). A subset of hCOs were co-treated with BET inhibitor (INCB054329, 1µM) to evaluate therapeutic response. Correlation analyses linked protein abundance and organoid dysfunction to identify candidate proteins associated with functional impairment. 

Results. Olink proteomics analysis revealed two sepsis proteomic groups, independent of VIS, associated with elevated cardiac stress markers (cTnI, NT-proBNP), inflammatory cytokines (e.g., IL-10), and sepsis biomarkers (e.g., PTX3). Septic sera induced significant systolic (mean force decrease by 6.3%, p = 0.0135) and diastolic dysfunction (mean Tr50 increase 8.7%, p<0.0001). Co-treatment with BETi reduced diastolic dysfunction in a subset of sepsis patients with distinct protein signatures and organ damage signals correlating with diastolic dysfunction and therapeutic response. 
Discussion. These study identifies candidate protein drivers of sepsis-induced cardiac dysfunction and demonstrate hCOs as a translational platform for mechanistic studies and therapeutic testing. BET inhibition is promising in a subset of patients indicating a potential pathway toward precision therapies for sepsis associated cardiac failure.
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