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Abstract
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We used embryonic stem cells (ESCs), in which Green Fluorescent Protein (GFP) were knocked-in
at the downstream of cardiomyocyte-specific marker, NKX2.5 promoter, and differentiated them to
cardiomyocytes several times. We took microscopic phase-contrast images, and fluorescent
images for NKX2.5-GFP. The fluorescent images were binalized to create answer. Then, we
generated small image blocks, which were cropped from large phase-contrast and binarized
fluorescent automatically, for input datasets for deep-learning. Binarized fluorescent image blocks
were labeled as 1 or 0, in other words, cardiomyocytes or non-cardiomyocytes, depending on the
proportion of its area. We used classification technique to train convolutional neural network (CNN)
whether input phase-contrast blocks were cardiomyocytes (1) or non-cardiomyocytes (0). We
adjusted hyper-parameters for training by using Bayesian optimization method, and succeeded to
train the CNN with high performance; F1 score, Accuracy and AUC of ROC curve were 0.77, 0.96,
and 0.98, respectively. Next, we tried to predict differentiation efficiency of ESC-derived
cardiomyocytes using trained CNN. The phase-contrast microscopic images were cropped to
generated input datasets, as well, and predicted by CNN whether input blocks were
cardiomyocytes or not. Surprisingly, trained CNN could predict differentiation efficiency with very
high correlation with actual efficiency, which was calculated from fluorescent images for NKX2.5;
Pearson correlation value was 0.99. Moreover, we were able to generate the images, which was
very similar with original fluorescent images and showed cardiomyocytes location, only from label-
free phase contrast images. We named this system as "virtual immunostaining".
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Deep learning—based automated prediction system for pluripotent stem cell-derived cardiomyocytes
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We used embryonic stem cells (ESCs), in which Green Fluorescent Protein (GFP) were knocked—in at the downstream of
cardiomyocyte—specific marker, NKX2.5 promoter, and differentiated them to cardiomyocytes several times. We took microscopic
phase—contrast images, and fluorescent images for NKX2.5-GFP. The fluorescent images were binalized to create answer. Then, we
generated small image blocks, which were cropped from large phase—contrast and binarized fluorescent automatically, for input
datasets for deep—learning. Binarized fluorescent image blocks were labeled as 1 or 0, in other words, cardiomyocytes or non—
cardiomyocytes, depending on the proportion of its area. We used classification technique to train convolutional neural network (CNN)
whether input phase—contrast blocks were cardiomyocytes (1) or non—cardiomyocytes (0). We adjusted hyper—parameters for training
by using Bayesian optimization method, and succeeded to train the CNN with high performance; F1 score, Accuracy and AUC of ROC
curve were 0.77, 0.96, and 0.98, respectively. Next, we tried to predict differentiation efficiency of ESC—derived cardiomyocytes using
trained CNN. The phase—contrast microscopic images were cropped to generated input datasets, as well, and predicted by CNN
whether input blocks were cardiomyocytes or not. Surprisingly, trained CNN could predict differentiation efficiency with very high
correlation with actual efficiency, which was calculated from fluorescent images for NKX2.5; Pearson correlation value was 0.99.
Moreover, we were able to generate the images, which was very similar with original fluorescent images and showed cardiomyocytes
location, only from label-free phase contrast images. We named this system as “virtual immunostaining”.
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