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This document corresponds to our paper: ‘Optimizing neotissue growth inside perfusion bioreactors with respect to culture and labour cost: a multi-objective optimisation study using evolutionary algorithms’.
This supplementary material describes the in silico ordinary differential equations (ODE) model of neotissue growth on a three-dimensional scaffold in a bioreactor setting. As described in this supplement, the model is already available in the literature (Mehrian et al. 2017). However, we additionally provide this supplement for easier interpretation.

Mathematical model 
Neotissue volume
The neotissue volume produced inside the scaffold is a function of several geometrical, chemical and physical factors.
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Equation (1) expresses the neotissue volume (Vn) as a function of oxygen (Co), glucose (Cg), pH level (pH), mean curvature () of the neotissue-void interface inside the 3D scaffold and the shear stress ( caused by the medium flow that is perfused through the scaffold as described in Guyot (2015).
As neither flow-induced shear stress nor mean curvature can be calculated in a spatially homogenized model, relationships between these variables and the neotissue volume filling (nf%) were derived from the mechanistic heterogeneous model developed by Guyot et al. (2016). The relationships for the shear stress and curvature have been implemented in the model using the following equations:
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Parameters Ti, si and ci are determined through a fitting procedure using genetic algorithms. T1 and T2 are the two turning points for the shear stress and curvature respectively.
For the shear stress influence, Chapman et al. (2014) introduce a growth model for cell aggregates in hollow fiber bioreactors where cell population growth varies depending on wall shear stresses experienced by cells. These findings have been incorporated in Guyot (2015) through Eq. (4) and transferred to the model.
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The function describing the effect of curvature on growth is expressed using a linear function:
	.
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The influence of oxygen and glucose concentrations on the produced neotissue in Eq. (1) is taken into account through the functions h1 and h2 where neotissue volume reduces when the species level decreases. 
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	Lactate production in the medium is in direct relation with the medium pH level and has a negative influence on the neotissue growth. In Wuertz et al. (2009)  a detrimental effect of pH on cell fate was described using Eq. (8) where the neotissue growth rate decreases linearly when the medium pH level decreases.
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Nutrients and waste transport
The influence of model variables such as oxygen, glucose and remove metabolic waste (lactate) on neotissue growth is described in Eq. (9)-(11). In these equations, the right-hand side terms show the production or consumption of the species by the cells, modeled using Michaelis-Menten kinetics with cells being the cell density within the neotissue, Vi the consumption rate and Ki the Michaelis-Menten constants for different species. Parameters and  have been determined using a genetic algorithm.
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Table 1: Overview of all parameter values used in this study
	Parameter
	Value
	Reference

	A
	1.8e-17
	(Mehrian et al. 2017)

	
	238
	(Mehrian et al. 2017)

	
	341451
	(Mehrian et al. 2017)

	
	0.4514
	(Mehrian et al. 2017)

	
	0.6892
	(Mehrian et al. 2017)

	s1
	-3e-5
	(Mehrian et al. 2017)

	s2
	1.5e-4
	(Mehrian et al. 2017)

	c1
	20
	(Mehrian et al. 2017)

	c2
	-250
	(Mehrian et al. 2017)

	T1
	60
	(Mehrian et al. 2017)

	T2
	70
	(Mehrian et al. 2017)

	a1
	0.01
	(Chapman et al. 2014)

	a2
	0.03
	(Chapman et al. 2014)

	a3
	0.05
	(Chapman et al. 2014)

	Vo
	1.09e-17 mol/cell/s
	(Lambrechts et al. 2014)

	Vg
	9.5e-17 mol/cell/s
	(Zhou et al. 2013)

	Ko
	1.82e-3 mM
	(Carlier et al. 2014)

	KVn
	
	(Mehrian et al. 2017)

	Kg
	0.3 mM
	(Hossain et al. 2015)

	cells
	2.5e13 cells/m3
	(Guyot 2015)




Initial conditions
At the start of the bioreactor culture, 2e5 cells were (manually) drop-seeded onto the scaffold. For the numerical analysis, initial seeding was assumed to be homogeneous throughout the entire scaffold. This initial layer was assumed to be  based on the reported diameters of MSCs in 2D culture (Darling and Guilak 2008). Assuming a cell seeding efficiency of 60% (experimental evaluation is ongoing), the seeded cell amount distributed into the initial monolayer of  thick resulted in an initial cell density  of approximately 2.5e13 cells/m3 for the scaffolds used in the bioreactor experiments. The value was assumed not to change over time and was used for all scaffold designs.

Model Implementation
The reduced model was implemented in MATLAB (MathWorks®). The capacity of predicting the evolution of the neotissue growth was tested on five scaffolds with triply periodic internal structures.  
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