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1 Excellence 
Context 

The aim of the present call subtopic is to develop the next generation biophotonics methods and devices as 
research tools to understand the cellular origin of diseases 

Disruption of homeostatic biological mechanisms lie at the origin of diseases, their establishment and progression. 
The deregulation can occur at many levels- in the form of mutations that impact the genome and the epi-genome, the 
mis-expression of genes and/or the stability or function of proteins they encode.  All of these ultimately affect the 
structure and function of a cell - the building block of life - and manifests in pathologies such as inflammation, 
infections or even malignancy.    
Two methods can aid in the process of understanding the cellular origin of a disease, either deduction 
reasoning or induction reasoning. Deduction reasoning consists in logically connecting different agreed 
statements to demonstrate that the given mechanisms are indeed at the origin of the disease. To turn some hypotheses 
into conclusions requires new experimental evidences that can in turn require the development of more powerful 
devices. In general, this framework leads physicists and engineers to pursue the development of more and more 
powerful and complicated optical setups- with a continued focus on pushing the limits of microscopy in terms of 
resolution, speed, penetration depth, sensitivity, specificity and depth of field. An alternative to deduction reasoning 
is induction reasoning, which consists in supplying evidence that given mechanisms/phenomena are at the origin of 
a disease. One will consider that repeated observations of a mechanism at the very onset of the disease is sufficient 
to establish them as a causal role in the origin of the disease itself. The accumulation of concordant facts and the 
absence of counterexamples will make it possible to increase the level of plausibility of this causality. Our 
overarching goal is to use inductive reasoning to identify origin of liver cancer, importantly by addressing the 
problem of biological heterogeneity. In this frame, obtaining deep understanding will require skilful and creative 
application of novel experimental technologies. To this aim, we propose to develop a novel instrument and an 
associated methodology to i) image and analyse in quasi real-time, cell behaviours of thousands of cells in 
parallel and ii) identify variations in cell-state indicative of disease origin. While most live-cell imaging 
techniques stops at this point, the proposed instrument will have added functionalities which will make it capable of 
intelligent action, namely iii) pinpoint and iv) pick-up cells for bio-analysis as a final step. In an allegory, the live 
cell imaging will provide information about the past of the cell, the bio-analysis will reflect the present of the cell 
and the prediction algorithm will provide information about the future state of the cell. We coin this concept of new 
cell analysis methodology, ‘past, present and future cell analysis’. This is a turning point; this concept defines a 
novel framework where live cell microscopy and biomolecular analysis will form a continuum to isolate cells and 
identify early mechanisms at the origin of a disease. 
To be able to implement this methodology we will develop a novel microscope at the interface of instrumentation, 
biology and machine learning. To this end, we are introducing the novel concept of ‘neuronal microscopy’, a new 
microscopy technique relying heavily on neural networks capable of perception, interpretation, interference, 
prediction, volition and action.   

 
Figure 2 : Neuronal microscopy. ‘To see in the invisible, through space and time. To distinguish in the marvellous diversity of living 
things the invisible links that weave the web of its countless interactions.’ (JC Ameisen). From left to right: cell culture observed by 
means of lensfree microscopy, neuronal microscope, computation of cell tracking, cell fate prediction and cell type classification. 

Neuronal microscopy, a new frontier (Figure 2): The recent work on the use of deep neural networks in advanced 
computational microscopy allows us to foresee new perspectives for live cell imaging. Computational imaging 
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