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Construction of cardiac organoids derived from human induced pluripotent stem cells for
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Abstract:Objective To explore the potential applications of human induced pluripotent stem cell-derived cardiac organoids in
constructing cardiac injury models and drug evaluation. Methods Cardiac organoids derived from the self-assembled human
induced pluripotent stem cells were constructed by regulating the Wnt signaling pathway. Flow cytometry was used to detect
the proportion of cardiomyocytes in the cardiac organoids, and RT-qPCR was employed to detect the mRNA expressions.
Immunofluorescence staining was used to detect the protein expressions of TNNT2, CD31, and vimentin. The beating
amplitude of the cardiac organoids was determined with calcium transient. In vitro myocardial injury models and ischemia-
reperfusion models were established, and the cell injuries were examined using Masson staining. TUNEL staining and calcium
transient detection were used to evaluate the adverse effects of doxorubicin and trastuzumab in the cardiac organoids. Results
The cardiac organoids began to beat on the 8th day of culture and consisted of 32.4% cardiomyocytes with high expressions of
the myocardial markers TNNT2, NKX2.5, RYR2 and KCN]J2. No significant differences in morphological size, beating
frequency, proportion of cardiomyocytes, or myocardial contractility were observed in the cardiac organoids differentiated
from different batches. These cardiac organoids could be maintained in in vitro culture conditions for at least 50 days.
Captopril treatment could obviously alleviate liquid nitrogen-induced myocardial injury in the cardiac organoids. Hypoxia/
reoxygenation induced ischemia-reperfusion injury and promoted myocardial fibrosis and apoptosis in the cardiac organoids.
Treatment with doxorubicin for 24 h resulted in significantly increased cell death and reduced beating frequency and cell
viability in the cardiac organoids in a dose-dependent manner. Trastuzumab significantly impaired the contractile and calcium
handling abilities of the cardiac organoids. Conclusion Cardiac organoids derived from human induced pluripotent stem cells
have been successfully constructed and can be used for cardiac disease modeling and drug evaluation.
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Fig.1 Construction of the Cardiac Organoids derived from human induced pluripotent stem cells. A: Schematic
diagram depicting the protocol for constructing cardiac organoids derived from human induced pluripotent stem
cells. B: Brightfield images of the developing cardiac organoids. C, D: Proportion of cardiomyocytes and endothelial
cells in cardiac organoids determined by flow cytometry. E: Frozen sections of the developing cardiac organoids. F:
Diameter of the developing cardiac organoids (n=10). G: The mRNA expressions in cardiac organoids determined by
RT-qPCR. *#*P<0.001, ****P<0.0001 vs DO.
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Fig.2 Characterization of the constructed cardiac organoids. A: Immunofluorescent staining of frozen sections of the
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cardiac organoids. B: Whole-mount staining of the cardiac organoids. C, D: Calcium transient assay of the cardiac

organoids (1n=3).
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Fig.3 Consistency tests of the cardiac organoids from different batches. A: Brightfield images of the
developing cardiac organoids from different batches. B: Beating frequency of the cardiac organoids
from different batches (n=8). C: Proportion of cardiomyocytes in the cardiac organoids from different
batches determined by flow cytometry. D: Measurement of the contractile ability of cardiac organoids

using Image J.
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Fig. 4 Long-term culture of the cardiac organoids. A: Brightfield images of the developing cardiac
organoids. B: Measurement of contractile ability of the cardiac organoids using Image J. C:
Immunofluorescent staining of frozen sections of the cardiac organoids.
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Fig.5 Disease modeling of cardiac organoids. A: Brightfield images of the cardiac organoids with different treatments. B:
Masson's staining of the cardiac organoids. C: Calcium transient assay of the cardiac organoids. D: Amplitude of Ca™
transient and the time to peak of Ca™ transient (n=5). E: mRNA expressions of MYH7 and TNNT2 with or without
cryoinjury and captopril treatment. F: Evaluation of cInT levels in the culture medium by ELISA (n=6). G: Masson's
staining of the cardiac organoids. H: TUNEL staining of the organoid sections after H/R treatment. I: Statistical analysis

of apoptosis. *P<0.05, **P<0.01, ***P<0.001 vs control group; “P<0.05 vs cryoinjury group.
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Fig.6 Effect of doxorubicin on the cardiac organoids. A: Brightfield images of the cardiac organoids treated
with doxorubicin (scale bar=200 um). B: Dose-dependent effects of doxorubicin on beating frequency of the
cardiac organoids (n=8). C: Dose-dependent effects of doxorubicin on cell vitality in the cardiac organoids
by CCKS8 assay. D: Statistical analysis of cell apoptosis. E: TUNEL staining of the organoid sections after
exposure to doxorubicin for 24 h at the indicated concentrations. F: Measurement of contractile ability of the
cardiac organoids using Image J. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 vs control group (0).
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Fig.7 Trastuzumab causes dysfunction of the cardiac organoids. A: Calcium transient assay of the cardiac organoids
with Trastuzumab treatment. B: Amplitude of Ca® transient and the time to peak of Ca® transient (*P<0.05, **P<0.01
vs control group, n=5). C: Measurement of contractile ability of the cardiac organoids with Trastuzumab treatment

using Image J.
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