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Cardiac modelling of desmin related myofibrillar myopathy in vitro on
micropatterned soft hydrogels and automated single cell classification based
on subcellular organization by supervised deep learning
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Summary

Myofibrillar Myopathy (MFM) is a rare disease that significantly affects the quality of life and shortens the life span of those affected. Mutations of DES, the gene encoding desmin, the main intermediate filament of muscle cells, is a major cause of MFM1. This disease is mainly characterized by a muscular dystrophy but
also, in many cases, by the progressive emergence of cardiac dysfunctions evolving frequently from dilated cardiomyopathy (DCM) to heart failure!. The following study relied on an in vitro cardiac disease model employing cardiomyocytes derived from human induced pluripotent stem cells (hiPSC-CMs)? generated
from patients carrying a DES mutation (E439K) and non-affected controls. The hiPSC-CMs were cultured on an innovative soft well plate containing micropatterned vitronectin-coated hydrogels3#. Micropatterns are known to enhance structural maturation of cardiomyocytes. In order to quantify the sarcomere
organization in the model>, an automated deep learning-based morphological analysis software was developed. Here we present our strategy underlying the development of the cardiomyocytes analysis using machine learning and the preliminary results demonstrated the relevance of such approach.
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Automated image Analysis

Automated image analysis strategy
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Presentation of the automated image analysis strategy
A. Automated cell image processing. The first step consisting of image acquisition and cell segmentation (single cells, identification and cropping around nuclei).

B. Manual scoring. The second step is the manual scoring of cardiomyocytes according to their sarcomeric organization performed by a biological expert. Thus, the strongly
disorganized cardiomyocytes were scored 1, the partially disorganized cardiomyocytes were scored 2 and the well organized cardiomyocytes were scored 3. Here we can
observe the different distribution of cardiomyocytes according to the cardiomyocytes type. Images of cells that were not relevant due to image artifact or signal defect
were assigned a score of 0 (not shown in the figure). Thus, the patient cardiomyocytes (E439K) seem to be distributed mainly as strongly disorganized cardiomyocyte
(score 1) whereas the control cardiomyocytes are mainly distributed as partially organized or well organized (score 2 and 3). The Patient (CRISPR, E439K) cardiomyocytes
appear to have an intermediate distribution.

C. Machine learning. The last step is the conception of a machine learning algorithm based on artificial intelligence allowing an automated scoring of cardiomyocytes. To do
this, a training phase is carried out where many scored cardiomyocytes are presented to the algorithm for its learning. Then, a testing phase consisting in the score
prediction for cardiomyocytes that the algorithm has never seen. The validation phase aims at determining the accuracy of the algorithm by comparing for the same
cardiomyocyte the score given by a biological expert and the score predicted by the algorithm (Confusion matrix).

Conception of innovative micropatterned and soft plate
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Immunocytostaining of control cardiomyocyte cultured in different stiffness plates showing differences in the distribution of scored
cardiomyocytes. These preliminary data suggest that cardiomyocyte cultures on 11 or 25kPa stiffness plates had a lower proportion of

Scored cardiomyocytes
distribution (%)

E Glass
% % - = 25 kPa
E 11 kPa

05
1

Nuclei

Scale bar 10um

strongly disorganized cardiomyocytes (score 1) than in glass plate cultures.
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Immunocytostaining of control cardiomyocyte cultured in 11kPa plates stiffness with different micropattern width showing differences
in the distribution of scored cardiomyocytes. First, the micropattern appeared to reduce the proportion of strongly disorganized
cardiomycytes (score 1) compared with previous results. Secondly, the micropatterned cultures of cardiomyocytes at 28um width seem
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to have a higher proportion of well organized cardiomycytes (score 3).

Conclusion and Perspective

Our project consisted in setting up an in vitro culture model of hiPSC-CMs aiming at improving the sarcomeric organization. Then we develop an automated image analysis system allowing to identify the distribution based on the level of
their sarcomeric organization. Here, we show that it is possible to analyze images from cardiomyocyte cultures to assess their level of sarcomeric organization in an automated way by relying on a scoring strategy and a machine learning

algorithm. In addition, the use of a soft stiffness (11kPa) and micropatterned (Width 28um) plate seems interesting to improve the distribution of cardiomyocytes sarcomeric organization state towards a majority of well organized

cardiomyocytes.

It would be interesting to use the tools developed in this study to characterize hiPSC-CM carrying a DES mutation (E439K) at the level of their sarcomeric organization state. Moreover, this work opens the way to the implementation of a

high content screening trial in order to perform drug discovery and identify new therapeutic leads.
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