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→ Small number of cells : stochastic model with ponctual event, with density dependent rates.

→ Initial Condition :

F = F 0 (parameter), C = 0 ; Condition finale : F = 0, C (F = 0) ≥ F 0 (output) Events Reaction Intensity function differentiation F → C αF + β FC F +C proliferation C → C + C γC 10 /30 Romain Yvinec BIOS, PRC, INRA
→ Two cell populations : F (flattened) and C (cuboid)
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→ Initial Condition : 

F = F 0 (parameter), C = 0 ; Condition finale : F = 0, C (F = 0) ≥ F 0 (output) Events Reaction Intensity function differentiation F → C αF + β FC F +C proliferation C → C + C γC → Retro-
F → C αF + β FC F + C prolifération C → C + C γC • Theoretical study • Parameter calibration : ⇒ Adimensionalize parameter (α = 1, β ← β/α, γ ← γ/α)
⇒ Reformulation : cuboid cell number increase by 1 at each event -> it may be used as a "counter" instead of physical time : • Spherical ovocyte (d O )

P ∃t, (F (t), C (t)) = (f , c) = P F (c) = f ⇒ Likelihood : n i=1 P F (c i ) = f i Robin et
• Finite number of Layers (J)

• Spherical Follicle (d f ) → d f = d0 + 2Jd G
Somatic cells are supposed incompressible and migrate to successive layers. • The geometrical model allows a simple spatial description

d O V 1 = 4 3 π ( d O 2 + d G ) 3 -( d O 2 ) 3 ⎡ ⎣ ⎢ ⎤ ⎦ ⎥ V 2 = 4 3 π ( d O 2 + 2d G ) 3 -( d O 2 ) 3 ⎡ ⎣ ⎢ ⎤ ⎦ ⎥
• The model is linear and decomposable : exponential growth (under appropriate assumption), with a stable asymptotic spatial profile (with analytical first two moments) : there exists a unique λ > 0 such that the process Z t verifies lim t→∞ Z t e -λt = Ẑ (in law) 

d O V 1 = 4 3 π ( d O 2 + d G ) 3 -( d O 2 ) 3 ⎡ ⎣ ⎢ ⎤ ⎦ ⎥ V 2 = 4 3 π ( d O 2 + 2d G ) 3 -( d O 2 ) 3 ⎡ ⎣ ⎢ ⎤ ⎦ ⎥ Layer 1 Layer 2 p 2,0 (1) 

•

  Morphogenesis and maturation of ovarian follicles somatic and germ (egg) cells • Pool of Quiescent follicles static reserve (perinatal in most mammalsOnly 400 follicles will ever reach the pre-ovulatory stage Order of magnitude • a single follicle (in women) at different maturation stages ovocyte (egg cell) diam. : 0.01 -0.1mm follicle diam. 0.03 -20mm somatic cells diam.

→

  Two cell populations : F (flattened) and C (cuboid)

→

  action of cuboid cells on the differentiation rate : is it relevant ? Two cell populations : F (flattened) and C (cuboid)

⇒

  The model can capture both data sets ⇒ Lack of identifiability (non-conclusive on retro-action) ⇒ First differentiation, then proliferation (sligtly more concomitant in mutant case)Geometric model : spatial compartment in successive layers • Spherical somatic cells (d G )

Fitting results ⇒⇒Ω

 results Exponential growth dominated by the first cell layer Clément et al. Analysis and Calibration of a Linear Model for Structured Cell Populations with Unidirectional Motion : Application to the Morphogenesis of Ovarian Follicles, SIAM App. math, 2019 Parameter identifiability and doubling time quantification (≈ 16 days) : Cell-cycle time with ovocyte distance Clément et al. Analysis and Calibration of a Linear Model for Structured Cell Populations with Unidirectional Motion : Application to the Morphogenesis of Ovarian Follicles, SIAM App. math, 2019 -→ v u = b(x)u(t, x) for x ∈ Ω(t) and with -→ v linked to the negative gradient of the pressure, and the pressure related to the density... Under locally constant density and spherical geometry, one have :d dt (r F (t)vol(∂Ω(t)\∂Ω O (t))) = γ + D∆φ A = 0 , x ∈ Ω A (t) , ∂u M ∂t + div -→ v M u M = R M (u M ) , x ∈ Ω M (t) , ∂u C ∂t + div -→ v C u C = R C (u C ) , x ∈ Ω C (t) ,+ Boundary conditions and constitutive laws work in progress...

  

  action of cuboid cells on the differentiation rate : is it relevant ?
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Data

• We have counting data of somatic cells in snapshot data, morphological data (diameter) and order of magnitude of transit times between follicle "type"

Key features of follicle basal growth

• Growth of a small follicle after initiation

• Spherical Symmetry

• Spatial structure of somatic cells in concentric layers • Non-linear interaction between follicles populations (endocrine and paracrine) via λ s and µ s.

• Several time scales (slow initiation, fast growth) Modeling ovarian folliculogenesis on a lifespan timescale

• Non-linear interaction between follicles populations (endocrine and paracrine) via λ s and µ s.

• Several time scales (slow initiation, fast growth)