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We developed an information theoretic analysis method to enable us to
predict the cell states from a high dimensional feature space spanned by single cell Raman imaging
in terms of rate-distortion theory in information theory taking into account noises from number
fluctuation of finite measurements and ensemble machine learning. We showed its versatility by
applying the methods to follicular thyroid carcinoma whose morphological features of cells and
nucleus are almost identical to those of non-carcinoma, and non-alcoholic fatty liver disease, in
which the transitions in disease states require morphological changes like fibrosis. We constructed

a mathematical modelling to mimic leader-follower relationship, and we scrutinized the
identifiability of leader and followers from their movements by using causal inference in
information theory. Furthermore, we studied how organs, a set of huge number of cells, have rather
uniform structures irrespective of randomness at cell level.
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