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APPENDIX II: 

Neuronal differentiation as a correlated or uncorrelated event 

The time dependent population of differentiated cells can be analyzed assuming that the events of 

differentiation are uncorrelated stochastic processes, which means that, given some external condition, each 

cell has a certain probability to evolve toward its final status, independently on what the other cells in the 

same culture do. 

The number of cells that differentiate at a given instant n(t) will be proportional to the total number of cells 

which are still in the stem-like state time the probability of differentiate in that time interval pt: 

 

where N is the total number of cell in the culture. Integrating 

 

and introducing the boundary conditions that at time t0 the number of differentiated cells is 0 and that at time 

t∞ the number of differentiated cells is n∞ not necessarily equal to N, the total number of cells in the culture, 

 

Notice that here P can be seen as P=1/t0 where t0 is the t0 is the characteristic time in which a fraction 1-1/e 

(~63%) of the precursors differentiate into neurons. 

If we had assumed instead that in the differentiation process correlations between the cells behavior arise, 

the presence of cells already differentiated could in principle stimulate or hinder further differentiation on the 

remaining stem cells. The first behavior (positive feedback) was reported in at least one experimental work 

(Parekkadan et al., 2008) while the latter (negative feedback) was never reported; therefore we will restrict 

ourselves to the case of a positive feedback on the differentiation process. In such a case the simplest 

possible hypothesis is that the factors in solution that may induce the differentiation in undifferentiated cells 

and the probability that a cell differentiates per unit time be proportional to the number of already 

differentiated cells, as shown in the next two equations: 
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Integrating with the same boundary conditions as in the uncorrelated case we obtain the following equation 

that describes the time evolution of the differentiated population: 

 

There P represents again the inverse of a characteristic time of the process. This second process is slower 

at the beginning and actually dn/dt around 0 is P/2 for the correlated case while it is P for the uncorrelated 

case. 

We use these two functions to fit the time coarse experimental data both for the flat case and for the 

substrate with pillars. The results are shown in figure AII. Both functions fit the time coarse data on the flat 

PDMS substrate with a 
2
 of 73 and 109 for the case of the independent and correlated model respectively 

(dotted and continuous line). the agreement with the data obtained on the substrate with pillars is worst (
2
 of 

132 and 196): the two lines fail to describe the experimental data, and are rather similar to each other. In 

both cases the correlated model provided less confident outputs, however the limited number of 

experimental points did not allow to discriminate between the two models. 

The data were fitted also with a two population model, as described in the main text. Here we show the 

curves for both pillar and control substrates: the  
2
 of the pattern is 32, while is 78 on the flat. From the 

figure AII it is clear that the two population model is not useful to describe the behavior on the flat surfaces 

while it is definitely suitable to describe the behavior on the pillar surface.  
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Fig AII: The graph shows the time course data (circles) which correspond to the neuronal yield over the time of 

differentiation. The fitting of the experimental data is performed using the correlated model (rapresented with the 

continuous curves) and the independent model (dashed curves). The two population model is represented by the grey 

curves. 

In order to compare properly the three fitting the two population model has been implemented using the 

following equation: 

 

Where P0 is the the probability obtained from the fit on the flat substrate, and the the ½ weight to each 

population is somewhat arbitrary. This has been done for sake of comparison with the other fits, with the aim 

of keeping constant to 2 the number of free parameters. Once the validity of our choice has been assessed, 

we let the  weight vary, obtaining a population share of 40% vs 60% as discussed in the main text. 
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