
Morphodynamic modelling of hematopoietic stem
cells

Internship Position
Biological Image Analysis Unit, Institut Pasteur, Paris, France

Biological context. In vertebrates, hematopoietic stem cells are generated during the embry-
onic period. This occurs in arterial vascular tissue, particularly in the dorsal aorta, where specific
(endothelial) cells undergo a morphological evolution that accompanies their extrusion from the
aortic wall.

This emergence process, known as endothelial-hematopoietic transition (EHT), is characterized
by a highly unusual curvature of the cell membrane towards the subaortic space. The cells are
then released into the bloodstream and become hematopoietic stem cells, the origin of embryonic
and adult blood and immune cells.

This type of cell emergence process has been studied qualitatively in zebrafish embryos in recent
work [1, 2] using time-lapse confocal imaging. A recent algorithm [3], developed by our team,
reconstructs confocal volumes to visualize membrane shape in 3D over time. The next step is to
establish a model of membrane evolution to explain its morphological changes and quantify the
associated biophysical parameters.

Project. The internship’s objective is to define a shape regression model [4] for the evolution
related to EHT. The first approach is to study regression models based on the Helfrich energy, which
is widely used to study membrane equilibrium. This functional, which depends on membrane
curvatures, models the elastic deformation of the membrane under mechanical stress and enables
its geometric deformation to be described.

Subsequently, quantitative methods need to be developed to estimate the physical parameters
involved in the EHT process (e.g. tissue forces, blood flow pressure). Their estimation can be
achieved via an inverse problem approach based on analytical models [5] or using a machine learn-
ing approach [6].

Beyond EHT modeling, this project aims to explore new frameworks for shape evolution, which
is a vast field of study for several biomedical applications [7].

Expected work. A good knowledge of mathematics and machine learning theory is needed for
this topic. After a review of the literature on shape regression models and Helfrich energy, a novel
method for EHT analysis will be developed. The results will be validated on confocal time-lapse
sequences in collaboration with biologists.

Contacts :
Giacomo Nardi, Biological Image Analysis Unit, Institut Pasteur
Email : giacomo.nardi@pasteur.fr



References
[1] L. Torcq, S. Majello, C. Vivier, and A. A. Schmidt, “Tuning apico-basal polarity and junctional

recycling in the hemogenic endothelium orchestrates pre-hematopoietic stem cell emergence
complexity,” eLife, vol. 12, 2023.

[2] M. Lancino, S. Majello, S. Herbert, F. De Chaumont, J.-Y. Tinevez, J.-C. Olivo-Marin, P. Her-
bomel, and A. Schmidt, “Anisotropic organization of circumferential actomyosin characterizes
hematopoietic stem cells emergence in the zebrafish,” Elife, vol. 7, p. e37355, 2018.

[3] G. Nardi, L. Torcq, A. A. Schmidt, and J.-C. Olivo-Marin, “Topology-based segmentation of
3D confocal images of emerging hematopoietic stem cells in the zebrafish embryo,” Biological
Imaging, In Press, 2024.

[4] S. Durrleman, X. Pennec, A. Trouvé, G. Gerig, and N. Ayache, “Spatiotemporal atlas estimation
for developmental delay detection in longitudinal datasets,” in Medical Image Computing and
Computer-Assisted Intervention–MICCAI 2009: 12th International Conference, London, UK,
September 20-24, 2009, Proceedings, Part I 12, pp. 297–304, Springer, 2009.

[5] A. Boquet-Pujadas, T. Lecomte, M. Manich, R. Thibeaux, E. Labruyère, N. Guillén, J.-C. Olivo-
Marin, and A. C. Dufour, “Bioflow: a non-invasive, image-based method to measure speed,
pressure and forces inside living cells,” Scientific Reports, vol. 7, no. 1, p. 9178, 2017.

[6] S. A. Malingen and P. Rangamani, “Modelling membrane curvature generation using mechan-
ics and machine learning,” Journal of the Royal Society Interface, vol. 19, no. 194, p. 20220448,
2022.

[7] R. Sarkar, D. Darby, S. Meilhac, and J.-C. Olivo-Marin, “3D cell morphology detection by asso-
ciation for embryo heart morphogenesis,” Biological Imaging, vol. 2, p. e2, 2022.


