Marie Haghebaert 
  
Béatrice Laroche 
  
Béatrice Laroche Modelling 
  
Modelling and numerical exploration of host-microbiota interactions at the colonic epithelial scale

come    

Modelling and numerical exploration of host-microbiota interactions at the colonic epithelial scale MARIE HAGHEBAERT 1,2,3 BÉATRICE LAROCHE 1,2 1 MaIAGE, INRAE, Univ.Paris Saclay. 2 MUSCA, INRIA, Univ. Paris Saclay. 3 Contribution was permitted in part by funding from the European Research Council (ERC) under the European Union's Horizon 2020 research and innovation programme (Grant agreement ERC-2017-AdG No. 788191 -Homo.symbiosus) Context Intestinal host-microbiota interactions form a symbiosys mainly regulated at the intestinal crypt level. These crosstalks play a major role in ensuring health of the host. Modelling these interactions is a further step to understand the behaviour of this ecosystem and determine whether healthy states can be recovered after a deterioration of the host-microbiota symbiosys. The colonic crypt is modelled as a 1D segment [0, z max ] and cellular migration is described as :

Model presentation

   ∂ t ρ l -W ∂ z (φ(z)ρ l ∂ z ρ) = k q k (z, l, Dρ, c b ), ρ l (t, 0) = ρ bot l ∂ z ρ l (t, z max ) = 0.
(1)

with ρ l the cellular density of type l ∈ {sc, pc, gc, ent}; ρ the total density of cells; W the interaction force between cells; D the effect of the local density; φ(z) the curvature effect of the crypt on the interaction and q k (z, l, Dρ, c b ) the cellular fate regulation for events k. These equations are coupled with reaction diffusion equations for butyrate and oxygen concentrations.

L. Darrigade and all (2021) ffhal-03379023.

Sensitivity analysis (SA)

We perform a SA using the Elementary Effects (EE) method of Morris, This study allows us to rank parameters by order of influence on interest outputs and to to determine wheater they have positive or negative effects Fig ( 3).

This SA highlights the more influential parameters of the model and shows that outputs linked to oxygen concentration are sensitive to all parameters 

Numerical simulations

To solve equations (1) we adapted the kinetic diffusive explicit scheme described in Aregba-Driollet and al (2003). Letting ρl = k =l ρ k and G(z) = 1 2 W φ(z), we modified (1) to obtain the structure needed to apply the scheme :

∂ t ρ l -∂ z W φ∂ z ( ρl )ρ l + G ρ 2 l -G∂ zz ρ 2 l = -G ρ 2 l + k q k (z, l, D × ρ, c b )
Starting from an empty crypt we simulate until steady-state. Results are provided in Fig ( 2). We observe a good spatialization of the crypt in term of cell densities but also in cell fate events. Moreover the presence of an oxygen gradient required for the anaerobic bacteria survival in the lumen is obtained. 

Model complexification

We aim at complexify the model by adding more host-microbiota interactions such as inflammatory response at the epithelial cells scale, mucus production / degradation, presence of different bacterial families (strict or facultative anaerobic, mucus degrader, pathobiont). From this model, we performed a sensitivity analysis to show that O2 concentration in the lumen is influenced by parameters linked to cells metabolism and microbiota derived. Taking advantage of bibliography analysis and discussions with biologists, our objective is to propose a model able to simulate switches from healthy host-microbiota interactions to chronic inflammation.
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 1 Figure 1: Crypt schem Gray (1918) and modelisation choices.
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 3 Figure 3: Sensitivity analysis results.
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 2 Figure 2: Densities, concentrations and cell fate events at steady-state
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 4 Figure 4: Diagram of ways to complexify the model