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Introduction

A large number of mutations in sarcomere proteins are associated with the development of familial cardiomyopathy. Among the most well
studied of these mutations is R403Q, a missense mutation in the myosin heavy chain 7 (MYH7) gene that encodes | -myosin. The R403Q
mutation results in a hypercontractile state which over time can lead to pathological hypertrophy, arrhythmia and sudden cardiac death.
While this mutation and similar mutations have been widely studied in both in vitro and in vivo settings, the mechanisms underlying the
pathogenesis of HCM in this setting remain poorly understood.

The recent development of robust cardiac differentiation protocols for human induced pluripotent stem cells (hiPSCs) holds the promise of
an unlimited supply of human derived cardiac cells from both healthy and diseased sources. That promise is tempered by the observation
that hiPSC-derived cardiomyocytes (hiPSC-CMs) typically retain a more fetal-like phenotype, raising concerns about the predictability and
translatability of results obtained to the settings of drug safety, discovery and development.

The Biowire™ Il platform was designed to generate 3D engineered adult-like cardiac tissues from hiPSC-CMs and cardiac fibroblasts (1). It
allows for serial assessments of contractility in a non-destructive manner. Nascent tissues are subjected to an electro-mechanical
stimulation protocol for 10 weeks. At that time tissues exhibit a more adult-like phenotype as assessed by widely accepted measures of
human cardiac contractility, i.e. more negative resting membrane potential and changes to the action potential profile, a loss of
autonomous beating, a positive force-frequency relationship (FFR), post-rest potentiation (PRP) of force (Figure 1).

In this study we investigated if the Biowire™ || platform could be used to generate 3D tissues from hiPSC-derived CMs harboring the R403Q
mutation under a physiologically relevant load, and if the observed phenotype recapitulates the structural and functional perturbations
observed in human disease.
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Figure 4. MYH7-R403Q 3D tissues display a negative force frequency relationship in response to external increasing electrical stimulation (1to
4Hz) and diminished post-rest potentiation of force at 1Hz after a rest (no external stimulation) of 10sec as compared to iCell' and iCell? 3D
tissues. Representative traces showing force frequency relationship (FFR) and post rest potentiation (PRP) of iCell, iCell2 and MYH7-R403Q 3D
tissues.
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Figure 5. (A) MYH7-R403Q 3D tissues display a higher active force at 1Hz external stimulation, (B,C) a decreased 4Hz-to-1Hz and PRP-to-1Hz active
force ratio for MYH7-R403Q 3D tissues, as compared to iCell' and iCell2 3D tissues (n=11iCell tissues, n=13 iCell? tissues, n=22 MYH7-R403Q tissues)
(# p<0.05 using one-way ANOVA with Tukey’s multiple comparison test). Data presented as mean + SEM. Each circle represents data collected from
a single tissue. (D) MYH7-R403Q 3D tissues have reduced post-rest potentiation force with increasing rest period, conversely iCell?2 3D tissues have
an increased post-rest potentiation force with increasing rest period (* p<0.05).

Summary

MYH7-R403Q 3D cardiac tissues generated and evaluated in the Biowire™ || platform have
ultrastructural and functional phenotypes similar to that observed clinically. While dysregulated
contractility and calcium handling dynamics can be observed in MYH/-R403Q cardiomyocytes vs.
iCell cardiomyocytes? in 2D monolayers, the direct quantification of force and contractility under
load can only be assessed using the more complex Biowire™ || 3D tissue platform now developed.

These data demonstrate that this 3D platform can be used to develop models of cardiovascular
disease that can be studied under loaded conditions, and therefore offers utility in studying complex
cardiovascular disease states, especially those that involve dysregulated contractile proteins.
Further exploration into the utility of the 3D system for the generation of more mature



