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Overview of the scientific projects of the team
Notre objectif principal est de comprendre comment la capacité des neurones à maintenir leur
fonction et à résister aux maladies neurodégénératives (compensation) est régulée au niveau
moléculaire, cellulaire et inter-cellulaire, et quel en est l'impact sur l'évolution de ces maladies. Nous
étudions la maladie de Huntington, une maladie héréditaire dont l'étude a permis de nombreuses
avancées sur les maladies neurodégénératives, ainsi que la maladie d'Alzheimer. Notre approche
inclue modélisation mathématique des données génomiques, biologie cellulaire (cellules souches
humaines), génétique de C. elegans, et recherche pré-clinique. Nous collaborons depuis 5 ans avec les
laboratoires de mathématiques du campus de Jussieu (LJLL, LPSM, SCAI), et avec plusieurs laboratoires
en neurosciences à l’IBPS (unité NPS) ou ailleurs en France (CEA/Mircen en IdF, UNISTRA à l’Université
de Strasbourg, GIN à Grenoble). Cf https://www.ibps.upmc.fr/fr/Recherche/umr-8256/brainc
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Overview of the scientific projects of the team
Le laboratoire Jacques-Louis Lions est un laboratoire de mathématiques appliquées. Ses axes
de recherche recouvrent l’analyse, la modélisation et le calcul scientifique haute performance
de phénomènes représentés par des équations aux dérivées partielles. Le LJLL collabore avec
le monde économique et avec d’autres domaines scientifiques à travers un large spectre
d’applications : médecine et biologie ; dynamique des fluides ; physique, mécanique et chimie
théoriques ; contrôle, optimisation et finance ; traitement du signal et des données. Barbara
Gris collabore en particulier avec l’équipe Brain-C depuis 2018.
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Doctoral Project
Title: Rationalizing the use of prior knowledge in systems modeling and molecular
neurosciences
Abstract :
Huntington's disease (HD), a disease caused by CAG expansion in huntingtin, is recognized as
a model to understand the role of cellular resilience over senescence systems in
neurodegenerative diseases (ND). As large omic datasets become available to study these
systems in HD and other NDs, there is a critical need for biologically-precise systems-modeling
methods. To this end, we developed a new and promising metric for precisely modeling the
responses to mutant huntingtin on molecular and functional levels. This metric is based on a
design matrix that contains the prior knowledge on HD that is introduced in the analysis.
Understanding the influence of such prior knowledge on the information provided by in silico
models is of major interest in systems modeling. The aim of the PhD project is to rationalize
and automatize the use of prior knowledge in our metric. This will make our new method
generalizable and easy to use for a wide range of applications while obtaining new insights into
the dynamics of disease resistance systems in HD.
Context and objective :
Huntington's disease (HD) is a prototypical neurodegenerative disease caused by CAG
expansion in the huntingtin (Htt) gene. HD is recognized as an insightful model for
understanding how the brain may compute the molecular responses to neurodegenerative insults
and resist disease, as it is a genetic disease that shares several mechanisms with other NDs,
notably gene deregulation and acceleration of cellular aging associated with the production of
misfolded mRNAs/proteins. The aim of this PhD project is to identify the temporal and celltype-specific features of HD on a system level while prioritizing targets genes for early-stage
(before clinical conversion, before neurons are committed to die) intervention in HD via gene
therapy. The PhD candidate will address the following question: what is the temporal dynamics
of cellular resilience over senescence systems in HD on molecular and cellular levels? To this
end, he/she will analyze multi-dimensional data as primarily obtained in the allelic series of
HD knock-in mice (Hdh mice) [1-3]. These data belong to the most comprehensive dataset
available to date to study the molecular pathogenesis of a neurodegenerative disease on a
systems level. In Hdh mice, these data cover up to 5 mutant Htt alleles, up to 3 age points,
several brain areas (e.g. striatum, cortex), several cell types (e.g. striatal neurons, striatal
astrocytes), and several layers of molecular regulation (e.g. miRNAs, transcriptome, proteome,
genome-wide functional screen data). The Brain-C Lab, a team expert in neurosciences at
Sorbonne Université, has developed new machine learning pipelines that are biologically
precise and that have identified interesting and previously-undetected targets in HD [4-8].
Along these lines, the Brain-C Lab and the Laboratoire Jacques-Louis Lions (LJLL), a
laboratory expert in applied mathematics at Sorbonne Université, have developed an innovative
approach, namely a metric well-adapted to the analysis of multi-point profiles (e.g. time-series)
in complex genomic datasets. This approach shows superior ability to characterize the dynamics
of molecular responses to mutant Htt in Hdh mice compared to using classical metrics, such as
Euclidean distances (Megret L, Gris B // and Neri C, submitted). Although this method was
developed for the analysis of complex data obtained in the allelic series of Hdh mice, it can be
generalized to all types of multipoint data by providing an answer to the essential question on
the effect of using prior knowledge in building in silico models of biological processes.
However, this approach is based on a design matrix that contains the prior information (i.e. the
prior knowledge on HD) introduced in the analysis. Understanding the effect of using prior
knowledge on the performance of a machine learning algorithm is a major challenge in systems
modeling [9]. Additionally, the need, and difficulty, to choose a proper design matrix prior to
analysis represents a major obstacle to the generalization and use of this new metric. The PhD
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candidate will perform research on defining an automatic process to detect an optimal design
matrix and he/she will analyze the effects of variations in this matrix on pattern and rule
discovery in the resulting in silico model. The PhD candidate will also develop a library making
our approach for analysis of dimensional omic datasets a method that is easy to use by the
scientific community. The development of this library will rely on the in-depth analysis of the
effects of the parameters that account for prior knowledge. This part will directly benefit from
the expertise of B. Gris at LJLL. Detailed information on the project will be communicated to
the PhD candidates upon application. The PhD candidate will benefit from biological validation
studies of top in silico hypotheses thanks to collaborations with the biologists that in the BrainC Lab use experimental models of HD (e.g. in human cells, C. elegans, mice). In addition to
first co-authorship on this research (focused on transcriptomic and functional data),
productivity (co-authorship) may also come from collaborations covering the analysis of other
types of HD genomic datasets. Expected results are (i) the generalization and accessibility of
the new approach that we are developing, and (ii) a deep understanding of how the distances
between genes that account for prior knowledge may influence the information that is generated
by machine learning, and (iii) precise in silico models of HD, precisely highlighting the
dynamics of cellular repair and resilience systems in neurodegenerative disease conditions.
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Justification of suitability for i-Bio:
The proposed PhD project is a frontier research project. This project requires theoretical
development to fully understand the behavior of our method in terms of reliability and
robustness, and it lies at the interface of biology and mathematics, building up on motivation
of biology for mathematics (Brain-C Lab: C. Neri, L. Mégret) and mathematics for biology
(LJLL: B. Gris). It directly addresses a pressing and difficult question in machine learning, that
is how to best use prior knowledge in the analysis of highly dimensional data, the answer to
which will drive change and make a better practice of machine learning in biological research
as it has direct implications on the biological precision of in silico models. In addition, the
proposed PhD project aims to make a new machine learning paradigm accessible to the nonspecialized scientific community, fostering advances in molecular systems biology.
Role of each supervisor / skills provided:
C. Neri will provide mentorship in genome sciences, cell biology, and research on
neurodegenerative diseases. The PhD candidate will benefit from training in bioinformatics
provided by researchers of the Brain-C Lab (L. Mégret).
B. Gris will provide mentorship in mathematics applied to modeling complex datasets in
biology.
Profile of the desired student:
The PhD candidate should have a master degree in biology with a specialization in
bioinformatics and mathematical modeling. He/she must be able to justify a training in
computer science including an understanding of algorithmics and programming
(implementation of usual statistical analysis and machine learning algorithms) as well as a good
understanding of mathematics for modeling.
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