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[HeMaCy Project] Modeling and Inferring the Evolution of Hematopoietic and Immune Cell
Distributions — Applications to Transplantation and Blood Cancer Treatment

Internship — 1¢" semester 2026

Laboratory: Laboratoire MICS (Mathematics & Informatics of CentraleSupelec) - CentraleSupélec
Address: Centralesupélec, 3 Rue Joliot Curie, 91190 Gif-sur-Yvette

Supervisor: Gurvan Hermange

Contact: gurvan.hermange@centralesupelec.fr

Summary :
The objective of this internship is to develop a method for analyzing cellular data - obtained from cytometry - by

combining mathematical models of hematopoiesis (including immune system interactions) with statistical inference
methods.

The developed approach will be applied in two contexts: (i) post-transplant monitoring of leukemia patients and (ii)
interferon-a (IFNa) treatment of myeloproliferative neoplasms (MPN) in mouse models.

Key-words: Mathematical modeling; Bayesian inference; Cytometry; Unsupervised learning

Data type:

This project focuses on time-series cytometry data. Cytometry allows measuring - for each single cell - the
expression of about 30 surface markers (proteins) that characterize cell types and states. At a given time point,
marker expression is recorded for millions of cells (typically 2-4 million), forming a high-dimensional (~30-D) cellular
distribution. An initial part of the work will involve exploratory data analysis using unsupervised learning methods
(continuum modeling, clustering, differential analysis, trajectory inference, etc.).

For each subject (human or mouse, depending on the study), measurements are repeated several times (=3-4). The
aim is to characterize how the cellular distribution evolves for each individual and how this evolution relates to
clinical outcomes. To this end, the approach will rely on the construction of a mathematical model and its
calibration to experimental data.

Mathematical Modelling:

Our working hypothesis is that the generative process of the observed data can be captured by a mathematical
model of hematopoiesis including immune interactions.

The model should build upon biologically grounded assumptions (specific to each application) and have a structure
compatible with experimental data to allow model calibration.

The model structure will depend on the analysis strategy. For example, if cells are grouped into clusters,
deterministic compartmental models may be appropriate; if cells are treated as a continuum, continuous modeling
approaches will be preferred. A common formalism will be sought for both application cases.

Statistical inference :

Once the model is established and can simulate cellular dynamics comparable to experimental data (via an
appropriate distance or likelihood definition), model parameter estimation will be performed. Whenever possible,
Bayesian inference methods will be implemented.

The goal is to interpret the temporal evolution of individual experimental data through the estimated model
parameters (which have biological meaning), in order to explain inter-individual variability and uncover the
underlying biological mechanisms.
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Applications:

1) Post-transplant follow-up

In collaboration with Anne-Béatrice Notarantonio (CHUR Nancy), this part aims to understand why some leukemia
patients relapse after allogeneic hematopoietic stem cell transplantation.

The cohort includes multiple patients followed at several post-transplant time points (day 0, 28, 90, 180, 365). For
each sample, 28 markers are measured by single-cell cytometry on several million cells. These data allow joint
tracking of immune and leukemic cell populations. The internship will contribute to modeling these interactions to
identify mechanisms or parameters associated with early post-transplant relapse risk.

2) Role of the immune system in IFNa treatment of MPN

Experiments (Isabelle Plo’s team, Gustave Roussy Institute) monitor mice exhibiting an MPN-like phenotype to
assess the immune system’s role in disease progression and IFNa response. Two groups of 8 mice (+ IFNa) are
followed for 4—8 weeks, with blood counts every 2 weeks and bone marrow/spleen analyses at sacrifice.

Available single-cell longitudinal data include: (i) Spectral cytometry: ~30 markers (~¥40 myeloid/lymphoid
subpopulations, activation/polarization states) on several million blood cells (3 blood samples per mouse) and (ii)
Conventional cytometry: 16-marker panel for HSPCs in bone marrow and spleen (~8 subpopulations) at the final
time point.

The goal is to quantify how innate and adaptive immunity interact, how IFNa modulates these responses, and how
these changes impact hematopoiesis in bone marrow and peripheral compartments.

Profile :

Master’s level student (engineering school or university) with a strong interest in research, possessing skills in
mathematical modeling, statistics, and scientific programming, and a genuine curiosity for biology (no prior
biological knowledge required).

A PhD opportunity may follow the internship.

To apply, email gurvan.hermange@centralesupelec.fr with a motivation letter, your CV, and your academic
transcript(s).
For more details about the internship, contact G. Hermange.
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