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INTRODUCTION

Cardiac arrhythmias are abnormal heart rhythms that can
lead to palpitations, stroke, heart failure, and sudden car-
diac arrest. Atrial fibrillation (AF) is the most prevalent
cardiac arrhythmia, characterized by irregular atrial firing.
Recent studies have linked inflammation—particularly in
cases of myocarditis, pericarditis, and sepsis—to new-onset
AF. One known mechanism of inflammation-induced AF,
identified in animals, is the activation of the NLRP3 inflam-
masome, a protein complex that forms inside atrial car-
diomyocytes. While NLRP3 inflammasome activation has
been observed in post-mortem human hearts with chronic
and paroxysmal AF, its causal role in human AF remains
unproven.

OBJECTIVES

We hypothesized that activation of the NLRP3 inflamma-
some induces AF in human heart macrophage assembloids
(hHMAs), an in vitro pluripotent stem cell derived human
heart organoid with integrated tissue resident
macrophages.

METHODS

To model inflammation-induced AF, we administered
known pro-inflammatory activators of the NLRP3 inflam-
masome, including LPS, IFN-y, and IL-1p, at physiological

blood concentrations to hHMAs. We utilized RT-qPCR to
assess gene expression, confocal microscopy to localize
NLRP3-inflammasome protein components, FluoVolt live-
cell imaging to visualize conductance patterns in atrial car-
diomyocytes, and phase-contrast microscopy to assess as-
sembloid morphology and contractility.

RESULTS

NLRP3 inflammasome activation induced spontaneous ir-
regular rhythms in a significant proportion of hHMAs, lead-
ing to irregular conductance patterns in atrial cardiomy-
ocytes. These findings confirm that the NLRP3
inflammasome is activated in atrial cardiomyocytes of ar-
rhythmic hHMAs.

CONCLUSIONS

This inflammation-AF hHMA model provides a novel plat-
form to study the mechanistic link between inflammation
and AF. By closely mimicking human AF, this system has
the potential to advance pharmacological development for
AF and enable efficient preclinical trials for anti-arrhyth-
mic therapies.
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