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OBJECTIVES

Here, we describe the engineering and systematic char-
acterization of human heart-macrophage assembloids
(hHMA) that recapitulate key features of cardiac im-
mune-parenchymal interactions.

METHODS

Human pluripotent stem cells were differentiated into car-
diogenic organoids using staged Wnt modulation, while
macrophages were generated in parallel via myeloid dif-
ferentiation and introduced during defined windows of
organoid development. Integrated macrophages stably per-
sisted within the three-dimensional tissue, localized to car-
diomyocyte-rich regions and extracellular matrix inter-
faces, and exhibited marker expression consistent with
tissue-resident macrophage-like states rather than acute
inflammatory phenotypes. Specific methods such as im-
munohistochemistry, brightfield and confocal microscopy,
live imaging, flow cytometry, optical coherence tomogra-
phy, singe-cell transcriptomics, and proteomic analysis
were used to derive these conclusions.

RESULTS

Structural and molecular analyses revealed that hHMA dis-
played phenotypic features consistent with human embry-
onic cardiac tissue-resident macrophage-like states, and
were spatially integrated throughout the organoid interior.
At the tissue level, OCT and structural analyses showed that
hHMAs retained organized 3D architecture, while multi-
omic profiling demonstrated that macrophage incorpora-
tion reshaped paracrine signaling, supported efferocytotic
programs, and altered extracellular matrix remodeling and
electrical-conduction-associated pathways.

DISCUSSION

Together, these data establish a reproducible human
heart-immune assembloid platform that captures stable
macrophage integration within cardiac tissue. This system
provides a versatile foundation for interrogating immune
contributions to human cardiac development, maturation,
and disease beyond what is achievable with immune-naive
heart organoids.
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