
Conclusion Our joint analysis was able to detect general bio-
logical processes and genes previously known to be associated
with ToF, as well as new candidates. These newly identified
genes may be further studied experimentally to unravel their
role in ToF. Unlike in classical gene-by-gene analyses where
statistical power may lack, our approach may be used to iden-
tify novel candidate genes.
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The human heart is composed of various cell types with dis-
tinct embryonic origins and functions. Having an understand-
ing of the components of the developing heart at a molecular
level should provide better insights into its function in health
and disease. Current single cell studies of human fetal hearts
are limited by low cell numbers and poor cell type resolution.
Here, we aimed to increase the number of cells studied while
adding a spatial resolution. We analysed human hearts aged
between post conception weeks of 8 and 11, where apex and
base in each were processed, providing spatial resolution on
cells constituting the myocardium and the great vessels. Our
analysis suggests 6 main cell types in the developing hearts
with a total of 28 subtypes and provides a differential expres-
sion signature for similar cell types with different origins and
anatomical locations, including the smooth muscle cells and
endothelial cells of the myocardium and the great vessels.
Through immunohistochemistry, we validated our findings on
these subtypes, as well as on the cells that were less clearly
described before, such sinoatrial node cells or resident macro-
phages. Cell to cell interaction analysis inferred distinct molec-
ular crosstalk across subtypes, including the cells of the great
vessels or the vessels of the myocardium. Our findings suggest
a list of transcription factors that might be involved in gov-
erning the identity of these cells. Collectively, our analysis
provides a better understanding of human heart development,
and will inform studies into disease modelling and disease
progression.
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Background Heart failure remains to be one of the major
causes of morbidity and mortality post-myocardial infarction.
Current therapeutic strategies are aimed at minimising progres-
sion, but apart from cardiac transplantation, no treatment thus
far has addressed the loss of contractile tissue post-injury.
Transplantation of human embryonic stem cell-derived cardio-
myocytes (hESC-CMs) has emerged as a promising strategy to
address this issue, but these treatments remain inefficient.
hESC- epicardium (hESC-Epis) has been shown to improve
the function of hESC-CMs in vitro and post-transplantation
into animal myocardial infarction models. However, the under-
lying mechanisms mediating these effects remain poorly char-
acterised. Bulk RNA sequencing of hESC-Epis suggests a role
for genes related to extracellular matrix remodelling in media-
ting these effects, with fibronectin (FN1) being highly impli-
cated. Study Objective To examine the role of FN1 in hESC-
CM/Epi crosstalk through gain and loss of function studies.
Methods A tetracycline inducible FN1 knockdown system was
used on both hESC-CMs and Epis within the setting of3D-
engineered heart tissue. Changes in contractility, Frank-Starling
behaviour and calcium handling were measured as functional
endpoints. Gain of function studies were then performed using
recombinant human plasma FN1 (rhFN) to determine the
effect of FN1 supplementation on hESC-CM function and
maturity.
Results FN1 knockdown in hESC-Epis resulted in significant
abrogation of the beneficial effects on hESC-CM force genera-
tion and calcium handling. Knockdown of FN1 in hESC-CMs
however significantly attenuated contractility of the hESC-CMs
but had no effects on calcium handling. When rhFN was
added to hESC-CMs in increasing doses, hESC-CM contractil-
ity was improved in a dose dependent fashion to the same
extent as seen with hESC-Epis co-cultures. However, no signif-
icant improvement was observed in calcium handling regard-
less of dosing.
Conclusions hESC-CM and Epi crosstalk improving hESC-CM
function may rely heavily on the presence of FN1. FN1
secreted by both cell types are shown to be of importance in
this crosstalk with artificial supplementation of rhFN being
able to recapitulate some beneficial effects of hESC-Epis on
hESC-CMs. Further studies are required to determine the role
of specific isoforms of secreted FN1 on hESC-CM maturity
and to identify the underlying mechanisms which mediate
these effects. This opens up the possibility of improving cell-
based therapy for heart failure post-myocardial infarction using
recombinant FN1 supplementation.
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