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Brain Digital Twins in Ataxia



AIM

Creating a Digital Brain Twin for Ataxia: simulating brain activity in 
specific pathological conditions using a multiscale approach.
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Brain digital twins in ataxia - Multiscale workflow



(Brancati et al, 2010) (Andreu-Cervera et al., 2021) (Sattar and Gleeson, 2011)

JOUBERT 
SYNDROME (JS)

JS is a rare autosome recessive syndrome
(1:80 000-1:100 000)

over 40 distinct mutations 

All the identified genes encode for proteins 
of the primary cilium: ciliopathy

Mutated genes have been linked to altered 
Sonic Hedgehog (shh) signalling. 



WHO WHAT

Vermis Aplasia/hypolasia

Granule cell (GrC) Density reduced (50%)

Purkinje Cell (PC) Density reduced (50%), 
heterotopic

Dentate nuclei Fragmented

Cerebellar cortex Hypoplastic

(Aguilar et al., 2012) (Juric-Sekhar et al., 2012)(Dan Doherty et al., 2009) (Bashford AL et al, 2019)

ALTERATIONS



CEREBELLUM CIRCUIT     &  SIMULATION

(https://www.ebrains.eu/tools/bsb) 

MOSSY FIBER

GRANULE CELLS

(Consalez et al., 2021)
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Healthy control case 50% reduction in granular 
cell (GrC) density
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THE FIRST 
SIMULATIONS

Network size:
[300 μm, 295 μm, 200 μm]

Basal activity:
Background noise at 4 Hz

SIMULATION DETAILS
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FUTURE 
STEPS
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